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ABSTRACT
Despite the considerable studies done on the lead 
pollution problem, and the agreement about the damaging 
effects of lead on public health, the potential hazard of 
lead from vehicles has not yet been covered completely.
The investigation of the relationship between lead levels 
and traffic density in different areas (rural and urban) 
could contribute significantly to our understanding of 
lead pollution.
In the present work the lead concentrations in the 
atmosphere, soil, and vegetation were followed before and 
after opening a major road (A3 by-pass) in the Guildford 
area. Most of the sampling locations were situated close 
to the A3. Matrix effects were investigated by the addition 
of excess amounts of various cations and anions to standard 
lead solution. During the course of sampling air particulates, 
it was noticed that position of the exhaust system depended 
on the make of vehicle (the majority of vehicles have the 
exhaust outlet pointing away from the driver’s side). The 
exhaust position may not be important in the sampling of 
lead near motorways or open roads, but it could be important 
in towns, particularly in one-way systems; therefore, initial 
experiments to investigate the effect of exhaust position 
on lead levels were carried out. Attempts were also made 
to measure carbon monoxide concentrations in the atmosphere.
Overall lead levels in the atmosphere increased signifi­
cantly from 0.4yg m“3 to l.Syg m"3, during the sampling period 
20 months, while soils changed from 52yg/g to 67 yg/g. However, 
the lead content of grass 50 m from the road showed a sub­
stantial increase from 11 yg/g (dry matter) to 27 yg/g-
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CHAPTER I: INTRODUCTION
1.1 History
Lead is a widespread constituent of the earth’s crust 
occurring mainly as the minerals galena (PbS), cerrusite 
(Pb COg) and anglesite (PbSO^) from which it can be readily 
extracted. Its usefulness has been established for at 
least 5000 years to the extent that it is now a serious 
contaminant to the present environment. Although it is 
claimed that the Egyptians, Chinese and Phoenicians made 
use of lead, the Romans most certainly used it extensively 
for pipes, coins, utensils and wine s w e e t e n i n g . Gil 
suggested that lead poisoning contributed to the Fall of 
the Roman Empire, and recently skeletons excavated in 
Cirencester, Gloucestershire were found to contain high 
lead levels (Fig. 1.1).
In the early Middle Ages, lead production began in 
Bohemia, followed in the twelfth and thirteenth centuries 
by the discovery of lead deposits in Saxony. Since then, 
the use of lead and its compounds has increased steadily 
(Fig. 1.2), particularly since the industrial revolution, 
and now lead pollution is one of the most pressing environ­
mental problems with certain aspects causing considerable 
concern to the public (Fig. 1.3).
1. 2 Lead Chemistry
Lead is the 82nd element in the Periodic Table, with 
the Symbol Pb derived from the Latin word plumbum. It 
belongs to subgroup IVB with carbon, silicon, germanium
- 2 -
Fig. 1.1 Skeletons sixteen hundred years old, recovered 
from a Roman cemetry at Cirencester.
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and tin, and in the +2 valency state forms an extensive series 
of ionic compounds. It has a remarkable tendency to form 
well characterized and often highly crystalline basic salts, 
some of which are used commercially as pigments.
In contrast, organolead., compounds always contain co­
valently bound tetravalent lead. The best known of these, 
because of their use as antiknock agents in petrol, are lead 
tetra alkyls. Several large companies (Ethyl Corporation, 
Dupont, Associated Octel) manufacture these compounds using 
an extensively studied reaction between lead sodium alloy and 
ethyl chloride^
1.3 Sources of Environmental Lead
The presence of lead in the environment arises from both 
natural sources and human activities, particularly mineral 
processing and other manufacturing industries using lead.
More recently motor vehicles have added significantly to the 
environmental lead burden, so that the present background in air 
is probably some 10,000 times greater than natural levels^- 
While it is difficult to speak about the natural or normal 
background levels, it is not uncommon to find current values 
for air, soil, tap water and crops of the order of 1 ug m"3,
40 yg g"i, 20 yg 1"^ and 0.1 yg g"^ respectively, although 
regional variations can be considerable.
Generally, the amount of environmental contamination 
by lead from natural sources, originating mainly from volcanic
emissions, forest fires and radon decay, to present overall
8 3lead pollution is practically insignificant . Despite the 
attempts to reduce the use of lead in specific fields, e.g.
-5'
cable sheathing, water pipes and lead pigments, environmental 
levels remain high because of a steady increase in petrol 
consumption over the past few decades (Fig. 1.4 and Table 1.1) 
Several studies have established a link between the use of 
petrol containing antiknock additives and human blood levels, 
and some estimates put the pollutant contribution from this 
s o u r c e ^ a s  high as 90%. However, significant contri­
butions still come from paint, old water pipes and solder 
used in food containers and plumbing^^'^^.
1.4 Contamination Pathways
High levels of lead in the environment are an obvious 
cause for concern, because of its well known toxic effects 
on humans (see Section 1.5). The major pathways, food, air 
and water through which humans are exposed to lead from 
various sources have been well studied^^ . Food cooked 
in water coming from a lead piping system, is known to con­
tain a greater amount of lead“ .^ Lead contamination of 
crops growing near busy roads has been studied extensively 
43,48,49 determine the extent of absorption from exhaust 
emissions either directly by airborne lead, or indirectly 
from the soil. Similarly, crops are affected via the soil 
contaminated by lead if sewage sludge is used as fertilizers. 
However, the movement of lead from soil to the humans at the 
end of the food chain is restricted.
The full significance of motor vehicle emissions to 
contamination pathways has only been fully appreciated in 
the last few years. The distribution of lead emissions in
- 6-
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the atmosphere is controlled by particle size and meteoro­
logical conditions. As the diameter of the particles in­
creases, they become a subject to a significant sedimenta­
tion process because of gravity forces, but very small 
particles can stay in the atmosphere for a long time. The 
study of lead particulates is important because of the high 
proportion which can be inhaled directly and enter the blood
stream. Lead in vehicle emissions is present mainly as com- 
7 5plex halides due to scavengeres, such as ethylene dibromide 
added tp petrol.
Haar et al"^  showed that emission immediately after 
leaving the exhaust system of a vehicle consists mainly of 
PbBr^, PbBrci, Pb(OH)Br, (PbO) 2 . PbBr^, and (PbO)2 PbBrCl, After 
18 hours about 75% of the bromine is lost. The chlorides 
are more stable, but eventually chlorine is also lost. The 
mechanism of halide loss is not photolytic^.
Lead containing particles in automobile exhaust is
claimed to occur as discrete (non-aggregate) particles having
a size ranging from 0.2-2 ym in diameter^. The electron
microscope studies^ have shown that the mean diameter of
the particles is initially 0.015 ym. However, these particles
undergo coagulation to form larger aggregates. The common
2 5size of lead particulates is 0.3 ym
It is, of course, clear that rural air contains less 
lead than urban air, and that is related to traffic density, 
but contamination levels can vary because of other factors, 
such as the combined effect of meteorology and emissions 
from other industries using lead.
-9“
Children up to the age of three years ar^ especially prone to 
elevated exposures to lead in dust, soil and from mouthing 
and, sometimes ingestion of non-food materials. Also, 
they may absorb greater fractions of ingested lead than older
ochildren or adults do .
1.5 Effects of Lead on Health
The evaluation of the effects of lead upon health is 
complicated because the metal acts variably depending on 
nutritional, genetic and social factors. There is no doubt 
that in high enough concentrations lead poisoning symptoms 
are observed upon the nervous system, but there is a con­
tinuing argument about the actual lead levels at which such 
effects are established or induced.
QBryce-Smith et al. (and literature cited in ref. 9) 
report that as little'as 5 yg dl"i lead in blood (PbB) among 
children can produce imbalance of neurotransmission processes. 
However, the DHSS Working Party on Lead in the Environment^^ 
was not convinced by the evidence of deleterious effects at 
blood lead concentrations below about 35 yg dl“ .^ The effect 
of lead is most pronounced on the nervous system and the 
blood.
1.5.1 Effects on Nervous System
Crockford et al.^  ^ refer to the nerve conduction velocity 
which decreases and then stabilizes when workers are exposed
to lead. Their study showed no significant influence on the
-  12 nerve conduction velocity below 50 yg dl iPbB. Clayton
discussed the mental impairment in populations exposed to
— 10-
high lead levels and recommended further epidimi'ological studies
to demonstrate the effects of mild continuous exposure.
13BucjhLfhalet al examined the nerve conduction and nerve 
biopsy in short and long term lead exposed subjects. Needleman 
et al.^  ^ in their study described the neuropsychological 
effects of exposure to lead in children.
Lead” seems to act as an inhibitor toward many enzymes 
in the brain, e.g. tetrahydrobiopterin synthetase and acetyl- 
cholinestrase, and to interfere with other ions, such as 
Ca** and Na*. Structural changes in the brain produced by
lead are not necessarily accompanied by apparent si'n"gs‘ of poisoning
The fetus brain is prone to possible damage caused by
either maternal or parental exposure taking into account that
8 4the placenta is a poor barrier for lead
The effects of lead on the brain and central nervous 
system are almost irreversible and result in permanent neuro­
logical change, especially when the exposure has taken place 
early in life^^.
1.5.2 Effects on the Blood
Lead at extremely low concentrations inhibits the 
enzyme 6-Aminolevulinic acid dehyrtase (ALA-D) which cata­
lyzes the formation of porphobilinogen (PBG), a precusor of 
heme^^. The low red cell count in blood caused by lead 
poisoning was first discovered in 1840, Aub et al^^ suggested 
that anemia caused by lead poisoning was due to physical 
changes in the red cell envelope. Blood lead levels are 
usually used as an indication of exposure [Fig. 1.5, Table 1.2)
-11-
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TABLE 1.2
Mean blood lead in populations in California
Total
Los Angeles Lancaster
a**
No. of 
subj ects
PbB
Mean
No. of 
subj ects
PbB
Mean
Total 126 16.4 119 10. 5 1.0
Males 56 19. 3 50 11.8 1.3
I 20 23.5 21 11.1 2.2
II 29 16.6 18 11.8 0. 8
III 7 18.5 11 13.0 1.0
Females 70 14.2 69 9.6 0. 8
I 18 16.7 25 10. 2 1.1
II 41 12.9 16 9.1 0. 7
III 11 14. 7 28 9.3 1.0
I Age 1-16; II Age 17-34; III Age 35 and over
Reference: Chamberlain et al. 
Lead in the blood
23
a -
Lead in the air
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The analytical problems associated with measuring lead in 
blood are discussed by Cernik^^. Although it has been shown 
repeatedly that the blood lead levels of groups of lead 
workers are greater than normal, changes in lead exposure 
do not in general produce immediate changes in blood lead 
levels. Some healthy individuals show values more than 
60-80 lig dl^^.
Sometimes blood lead levels respond quickly to increased
exposure to lead; for example, during the demolition of
St. Enoch's Railway Station in Glasgow, 11 workers using
oxyacetylene burners to cut the thickly painted metal girders
suffered severe lead poisoning. On admission,to hospital,
their blood lead levels were more than 6-.0 y m o l '1“ ^ , and they
showed a variety of symptoms which were relieved by chelation 
10therapy .
70Lead poisoning from paint has been discussed by Ember"". 
21Fugas et al. analyzed the health of a population living 
around a lead smelter, and of a control group not exposed 
to a large lead source. They found that the group living near 
the smelter had a higher abortion rate, mortality, hyper­
tensive disease and heart disease than the control group.
1.6 Lead Uptake and Metabolism
Lead metabolism under steady-state conditions and the
relative contribution of inhaled and dietry lead to the
2 2total lead intake were studied by Rabinowitz et al. using 
mass spectrometry in conjunction with stable isotopes of 
lead. Their study indicates that 66 % of the blood level 
was derived from the diet while 28% derived from the un-
-14-
labelled sources, namely the atmosphere. Lead is carried on 
the surface of a red cell, and its concentration quickly 
reaches higher levels in the whole blood than in serum or 
extracellular fluid.
2 3Kehoe studied the effect of long term exposure to 
lead. His studies dealt with the effect of the concentration 
of lead in the atmosphere, produced in a chamber, particle 
size, nature of lead compound, and the influence of the 
duration of exposure upon the absorption ^ and excretion of 
lead and its retention within the body. In one study he 
found that 64% of inhaled lead (by weight) was exhaled when 
the particles were uniformly small (0.05 ym in diameter) . 
but .• only 54% was exhaled when the particles were 2 ym 
in diameter.
2 4Chamberlain et al. showed that for a particle size of 
0.04 ym there was 40% deposition in the lung and with parti­
cle size of 0.02 ym there was 70% deposition, using both 
radioactive tracer determination and measurements of inhaled/ 
exhaled air lead concentrations. However, the uptake ratio 
and the contribution of dietry lead to the inhaled lead is the 
most controversial issue of lead pollution studies.
Most of the lead (95%) in long term exposure is stored in 
bone^^* Its mobility from the bone is similar to that of
T - 10calcium
-15-
1-.7 Lead Accumulation in the Environment 
2 5In Italy a large scale stable isotope experiment was 
conducted. Use was made of an antiknock compound produced 
in Australia with isotopic composition (Pb206/Pb207) = 1.04, 
which is different from the lead found in the environment 
of the test area (Pb206/Pb207) = 1.18 in Turin, Italy. The 
lead levels in atmospheric particulate, blood, soil, etc. 
were measured and a significant trend toward the new (Pb206/ 
Pb207) = 1.04 ratio found. This experiment leaves no doubt 
about the importance of lead from vehicles in the environment.
Work in the U.K. has shown that lead is an accumulative 
pollutant (see Fig. 1.6 and Table 1.3).
1.8 Theoretical Aspects of Atomic Absorption Spectroscopy
A variety of techniques have been used for lead analysis,
polarography^^^’® , complexometry^^^, spot tests^^^, chromato-
2 8 dgraphic determinations , X-ray fluorescence and atomic 
absorption. Each method has its own advantages. The atomic 
absorption technique has been used throughout the present 
work because of its capability of measuring a wide range of 
concentrations,and its reliability and speed. Atomic absorpt­
ion spectroscopy is an analytical technique in which compounds 
are decomposed to free atoms, and the absorption of radiation 
by these atoms measured. The extent of absorption is governed 
by the concentration of the free atoms and other factors.
It follows an exponential law like that of the Beer-Lambert 
law in molecular spectroscopy:
“16“
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1 =  1 10 o
where is the intensity of incident beam of light, Kv is
the absorption coefficient of frequency v, ‘-.c is the ; 
concentration of absorbing species, and 1 is the light path 
length. The absorption corresponds to transition from the 
ground state to a higher energy state. Naturally, the degree 
of absorption depends on the degree to which the lower level 
of the particular transition is populated. In a system at 
thermal equilibrium the level population is determined by 
Boltzmann’s distribution law:-
N. = N
where is the number of atoms populating the level with
an energy E^; is the number of atoms in the ground (un­
excited] state, and g^ and g^ are the degeneracies of the 
i^^ and ground states respectively.
The natural width of an atomic spectral line is of the 
order of 1 0 "  ^ nm, but this is broadened by the following:-
a. Natural broadening: which is the result of the finite life 
time ( t ) of the levels between which transition occurs. The 
usual broadening by this effect does not exceed 10“'+ nm, 
which is unimportant and can be neglected.
b. Doppler effect which is associated with the random thermal 
motion of atoms relative to the observer, and given by:-
Avg = 0.716 X  10"G /T/A
where A is the atomic weight, T is temperature, and frequency.
c. Lorentz broadening: this is caused by the collision between 
the absorbing atoms and other molecules in the medium.
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obviously it depends on the pressure and nature of the 
foreign gas molecules. An increase in the pressure of 
the foreign gas causes broadening of the line (AvL) and 
shift, AvS, asymmetry in the line profile which brings 
about a displacement of the maximum from the original line 
position:-
Av^ = 1.30 0^2/5
AVg = 0.47 ^3/5%
where is Van der Waal’s constant for the interaction 
between the atoms and molecules, V is the relative velocity, 
and N the number of these particles per unit volume. Hyper 
fine structure is another factor influencing atomic line 
profile^^.
80The atomic absorption band width of 0.003 nm is typical' 
A source emitting a sharp resonance line spectrum is one of 
the major requirements of atomic absorption spectroscopy. 
Vapour discharge tubes were the first sources to be used, but 
the best source is the sealed-off hollow cathode lamp (Fig. 
1.7), and more recently microwave and radiofrequency excited 
electrodeless discharge lamps have been used. Hollow cathode 
lamps are filled with an inert gas at a pressure of about 
10 torr. The particular gas used has to be chosen with 
regard to the difference between the ionization energies of 
the gas and the cathode material, and the necessity to 
avoid emission lines from the gas which are too close to 
the resonance line. The resolution of the system depends 
on the spectral band width of the resonance line emitted by 
the source. The function of the monochromator is to isolate 
the resonance line from non-absorbed lines emitted by the
-20-
Fig. 1.7 Diagram of modern hallow 
cathode source
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source .
The essential part of atomic absorption measurements 
depends on the efficiency of.atomic vapour production. A 
compound (MX) is subject to several reactions taking place 
in the atomisation process
MX -» M + X   (1:1)
M + Y —  MY   (1:2)
M —  m '*’ + e"   (1.3)
In flame atomic absorption, apart from the nebulization 
efficiency, the molecular dissociation and ionization 
processes have a strong influence on the analytical sensitivity. 
Equation (1.2) represents the removal of atoms by the formation 
of a stable compound, e.g. stable oxide' formation. Equation 
(1.3) represents the removal of atoms by ionization. Both 
Equations (1.2) and (1.3) can be reduced to an acceptable 
extent by suitable chemicals, or by changing the flame con- |
ditions. \
II
The atomic vapour can be produced by an electrothermal |
2 9 •atomizer. Kirkbright discussed the use of various non-flame i
atomizers. The graphite furnace technique has a wide application j 
because.it is highly sensitive and the volume of solution required) 
is small. Like the atomization process in a flame, the atom­
ization process in a furnace is prone to several reactions 
contributing to the removal of free atoms :-
e.g. M + C - ^ M G  ...... (1.4)
In addition to the possible reactions in gaseous phase
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between the analyte and other species, Equation (1.4) repre­
sents the removal o£ atomic vapour by carbide formation.
The atomization process occurring in the graphite
30furnace has been discussed from a thermodynamic' viewpoint
31as well as a kinetic one. The thermodynamic approach 
assumes that the metal salts are relatively unstable, and 
therefore decomposed to their metal oxides prior to any sig­
nificant atomization occurring. After the evaporation of the 
metal oxide, thermal dissociation or reduction takes place. 
The free energy of decomposition to the gaseous metal can be 
calculated. This approach indicates that carbon plays a part 
in the atomisation process.
31Fuller described a kinetic model under isothermal
conditions in which an approach to elements difficult to
32atomize can be made. L ’vov’s model of atomization under 
increasing temperature can be applied to other flameless 
atomizers, and to easily atomized elements at high temperà- 
tures in graphite furnaces.
The atomic absorption signal is subject to several 
3 3interferences , occurring in both flame and flameless 
techniques. These interferences can be classified:-
1) Chemical interferences including stable compound formation 
and ionization in the flame, loss of the analyte element 
during the ashing step,and carbide formation in the graphite 
furnace.
2) Physical causes of interference which include incomplete 
volatilisation, background absorption and scattering. The 
total magnitude of scattering and non-specific molecular
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absorption is called the background signal. The shorter 
wavelengths are subject to more scattering and consequently 
give rise to a higher background signal. Accurate measure­
ments of weak atomic absorption signals are only possible 
after exact background correction • Background correction 
is achieved:-
a) using a non-absorbing line close to the resonance line of 
the element, i.e. not more than 20 nm at longer wavelengths 
and 5 nm at shorter wavelengths, to obtain the background 
signal. The resulting value should be subtracted from the 
absorbance of the resonance line.
b) using the continuous spectrum of a deuterium lamp. The 
attenuation by atomic absorption of light from a continuum 
spectrum is insignificant compared with the total amount of 
light passing through the monochrometer, because less than 
1% of the normal band pass is occupied by the width of the 
absorption line.
c) More recently, making use of Zeeman effect to bring about 
an accurate correction for the background signal.
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1. S Literature Survey
1.9.1 Lead in Soil and Vegetation
There are two terms being used currently to describe 
lead content in soil. The extractable (or available or 
soluble) lead, and total lead. Obviously, they concern 
the extent to which lead is bound to the soil. The most 
common methods used in soil and vegetation analysis are 
digestion with an acid, or digestion followed by extraction 
or chelation, with a suitable organic reagent. Nitric acid
C O  'is used widely in soil analysis. Balraadj sing*" described 
a method based on digestion with nitric acid. Iron was re- 
moved by solvent extraction with /Cur, The relativeC *
Standard deviation obtained was 2-4% and no serious inter­
ferences were reported.
5 3Markunas et al. emphasized the importance of preparing 
a solution free from organic matter for use in atomic 
absorption.
Harrison et al^^ conducted a comparative study of total 
lead analysis in soil samples. HCl, HNO^ and HNO^/HF acids 
were investigated. They recommended HNO^/HF mixture as being 
effective in releasing Pb and destroying the organic matrix, 
in conjunction with the method of standard addition to over­
come the slight inaccuracy arising from the matrix effect due 
to inorganic components.
The lead content of the soils and vegetation growing
35along motor ways was first correlated by Warren and Delavault 
It was known that contaminated soils may release small pro-
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portions of lead to plants, and that the lead level in soil 
is unaffected by motor vehicle exhaust beyond about 200 m 
from a road. A recent study showed that about 90% of the 
total lead content of plant along a motor way is derived from 
atmospheric deposition and not from the soil.
3 7Day et al. reported a figure of 50-100 ppm as typical 
values for rural soils in Britain and 10 ppm for uncontaminated 
soil. Soil samples were treated with nitric acid followed by 
direct determination by atomic absorption. The significant 
contribution of urban dust to the uptake of lead by children 
was emphasized. Ruhling and Tyler" ' used mosses as an 
indication of regional pollution by lead in Sweden and they 
studied the accumulation of lead both in plants and soil 
around major roads. Total and extractable lead in soil were 
measured beyond 50-160 m from the road. They found that 
the lead level had fallen to the background level. The same 
authors'^*' studied the heavy metals in SkEne, Sweden, in 
samples collected in the period 1960-1969. They concluded 
"that the increase in lead concentration is due to pollution 
by lead in petrol ".
MacLean et al.^  ^ found that the concentration of lead 
increases as the distance from the road decreases. Acidic 
soils tend to have higher percentages of available lead, 
while lime, phosphate, and organic matter have a depressing 
effect upon the availability of lead to plants. Motto et alf^ 
conducted their measurements on crops and soils (soils taken 
at different dephths from the surface] along busy roads.
A considerable amount of lead both in soil and crops within 
the first 75ft was found. Lagerwerff et al^^ reached the
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4 3same conclusions. Warren et al. suggested a figure of 
2.5 ppm to be a normal content of leaves and evergreen trees 
and a range from 0.1-1 ppm for food products. The latter 
may acquire up to ten times as much lead in contaminated 
soils, but potatoes show a smaller increase.
Hemphill et al^^ refer to the high levels of lead con­
tent in soil and vegetation samples around smelters, mines, 
mills and along highways used for truck transport from mines 
and mills to smelters. Favretto et ah^^ examined the 
capability of grapes, leaves and soil to reflect the extent 
of lead pollution. The model they described was adequate 
except for distances less than 10 m from the road, because 
of the sharp increase in lead concentration.
Davies et al^^ stated the the toxicity symptoms shown
by a plant cannot be used as a guide to the plant’s metal
content. The acceptable limit for lead is exceeded by some
healthy crops. The lead uptake by ryegrass and its relation
4 7to the presence of sulphur has been studied by Jones et al 
They found minimal translocation of lead from the roots to 
the leaves and stems. A deficiency of sulphur in the soil 
was shown to enhance the lead content of the plant. Davies 
et al^^'^^ studied the heavy metal contents of soils in 
England and Wales, and investigated the use of urban land 
for growing vegetables. They concluded that the use of 
inner city land for growing vegetables should be discouraged. 
A similar study was carried out in Shipham, Somerset^^, 
and the uptake of heavy metals was shown to decrease with 
increasing pH of the soil. Canned food may contain some 
lead derived from the solder present in the seam of the can^^
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1.9.2 Lead Particulates in the Atmosphere
A non-flame technique, namely the graphite furnace, is 
usually used for the determination of particulates in the 
atmosphere. The graphite tube serves to concentrate the clouds 
of atoms being produced, and to hold them in the light path 
for an increased period of time. Consequently, the sensiti­
vity is improved compared with the flame.
c cBurnham et al. collected lead particulates on glass-
fibre filters followed by dry ashing and treatment with
nitric acid. Their results showed 0.1-3.8 yg of lead per
cubic metre of air for samples collected in Chicago and
Cook County on March 31, 1966, using flame atomic absorption.
Loftin et al.^  ^ described an air sample apparatus based on
the reduction to lead on hot carbon rods; then the free atoms
were passed into a heated chamber and detected by atomic
3 ” 2 “absorption. The anions PO^ and CO^ were reported to
cause a reduction in the reading for lead when the samples
5 7were run from aqueous media. Jackson et al* showed that the 
collection of air particulate samples on glass fibre filters 
is suitable for the analysis of iron, lead and zinc. They 
found that the air-borne lead concentration was related to 
traffic density.
Rhodes et al.^ " investigated X-ray fluorescence as an 
alternative method to atomic absorption. Their particulate 
samples were collected on Whatman 41 filter paper which is 
free of metallic elements unlike glass fibre filters. They 
found good agreement between the X-ray fluorescence and
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atomic absorption results for lead.
Kometani et al?^ investigated the possibility of loss 
of trace metals by volatilization during the ashing of glass 
fibre filters. However, they report that the losses of metals 
during dry ashing is due to formation of insoluble:metal 
silicates rather than volatilization. Purdue et al.^  ^ considered 
that the lead fraction which passes through a membrane filter 
(pore size 0.45 ym] is mainly organic lead. On this basis 
their samples contained an average of 16% organic lead.
Colwill et alf^ used the expression "volatile lead compounds" 
rather than "organic lead" for the lead fraction which passes 
through a 0.8ym filter, and is collected in iodine monochloride 
solution. They found that the percentage of volatile lead 
compounds to be the highest near filling stations (55% of total 
lead) and to be 10% in the central reservation of a motorway.
An Australian study^^ describes a graphite cup equipped 
with 0.22 ym (pore size) millipore filter disk for the 
collection of lead particulates from air samples of volumes 
as little as 200 ml. The measurements of lead were carried 
out by heating the graphite cup in an atomic absorption 
spectrometer. They claimed a sensitivity (for A = 0.0044) 
of 0-1 yg pb per cubic metre for a 200 ml air sample. Both 
glass fibre and membrane filters were used in a study by 
Kneip et al.^  ^ in which an oxygen plasma was used for low 
temperature ashing , followed by an acid mixture extraction.
Hickman^^ showed that carbon monoxide, hydrocarbons, 
nitric oxide and lead particulate concentrations were related 
to traffic density on a major road in West London. The wind
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speed was shown to have an effect on pollutant concentration 
up to 50 m from the road. Areas remote from major roads 
showed little variation of pollutant concentration with wind 
speed/. - Lead levels of 1.2-4.1 yg per cubic metre were 
reported.
Both reports of the Transport and Research Laboratory in 
the dealt with lead particulate measurements on
and around motorways. The main conclusions from these reports 
are : -
1) Higher lead levels are found during the peak hours;
2) Drivers of vehicles are exposed to three quarters of the 
lead levels found in the motorway atmosphere;
3) Fences built as noise barriers have little effect on lead 
levels;
4) Both reports emphasized the importance of meteorological 
parameters.
Lead particulate analysis depends to a large extent on the 
sampling technique, unlike the analysis of lead in soil and 
vegetation. Kneip et al^^ in their investigations of 
retention efficiency of various filters report that less 
than 2% of the total lead, passes through the filters of 
types millipore AA and SC, and Gelman type AE glass fiber 
filters.
Geladi et al^^ used the Whatman 41 filter paper for 
five elements including lead. The interfering effects of 
some anions and cations were studied. The deviation between 
the flameless, flame and X-ray fluorescence techniques was
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found to be 18% for lead.
Tarashi et al."^  used membrane filters to collect samples.
Lead was then measured after complexation with 4-( 2-pyridylaz;o)-
70resorcinol. Torsi et al. described a novel technique based on
the electrostatic accumulation of air particulates in a o ' -
modified graphite tube thus avoiding the use of filter paper.
The volume of sample required was between 0.1-0.3 1. However,
there are technical problems which have to be overcome before
71this technique can be applied generally. Jackson et al. 
discussed the sampling requirements for lead monitoring, and 
the relation between lead in air with lead in blood and in 
urine.
The size and chemical composition of lead particulates,
as well as techniques for exhaust sampling, have been dis­
cussed thoroughly^,24,72,73,74,75^
1.9.3 Matrix Effects
Matrix effects are known to be a source of error in the
7 8results obtained by atomic absorption. Regan et al. showed
that addition of water soluble material contributes to the
79elimination of matrix effects. Anderson found that sulphur
interferes with lead '.extracted from soil. Such interferences
with the graphite furnace are serious, but it can be largely
3reduced by adding La to the sample.
Sedeykh et al7^'^^ found that the various interferences 
result from reactions which occur in the gas phase of the 
furnace. They recommended the introduction of carbon by 
adding a carbon source to the sample, as the best way to
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eliminate interferences. Cruz^^ reports that KCl, NaCl,
Fe (NOgjg and AICNO^)^ have a depressing effect on lead.
8 2Johansson et al. investigated lead determination in sulphate 
matrices.
1.10 The Aim of the Present Work
The aim of the present work was to monitor lead changes 
in environmental levels associated with a new major road 
system in the Guildford area. The new road passes through 
areas previously isolated from heavy traffic, along a route 
bringing it in close proximity to private houses, a school 
and two allotment gardens. The selected section therefore 
serves as a suitable model for the study of the effects of 
motor vehicle emissions, using established methods for 
sampling and analysis of lead in air, soil and vegetation.
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CHAPTER II: EXPERIMENTAL
2,1 Chemicals
The following chemicals of analytical grade .were ’v .ri-.; 
used throughout the work:-
Lead metal, lead nitrate, nitric acid (sp. gr. 1.42), 
hydrogen peroxide, hydrofluoric acid (40%), hydrochloric', 
acid (sp. gr. 1.18), sulphuric acid (sp. gr. 1.84), ortho- 
phospheric acid (sp. gr. 1.75), perchloric acid (sp. gr. 1.70), 
sodium hydroxide (ION), tri-sodium citrate, citric acid 
(low in lead), sodium chloride, sodium nitrate, potassium 
nitrate, sodium sulphate,tri-sodium .pyrophosphate , silver 
nitrate.
The following chemicals were of laboratory reagent grade:- 
cadmium nitrate, calcium nitrate, chromium nitrate, copper 
nitrate, zinc nitrate, sodium silicate solution 1.5 gm/ml. 
Ammonium tetramethylene dithiocarbamate (for.atomic absorption) 
and diethylammonium diethylene dithiocarbamate.
2.2 Instrumentation
1. Perkin-Elmer 306 double beam atomic absorption spectro­
photometer, equipped with both a long slot burner head, and 
an HGA-72 graphite furnace. A deuterium lamp was used for 
background correction, and a gas stop facility was available 
on the furnace. A hollow cathode lamp source was used 
(analytical line for lead 283.3 nm).
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TABLE 2.1
Flame conditions etc. for Perkin-Elmer spectrophotometer
Flame Lean blue
Oxidant Air '
Fuel Acetylene
Nebulizer Adjusted to give optimum response
Burner head position Adjusted to give optimum response
Slit On position 4
TABLE 2.2
Graphite furnace conditions etc. for Perkin-Elmer spectrophotomete:
Drying stage Time^/Digits^ 50/35
Ashing stage Time/Digits 30/126
Atomization stage Time/Digits 7/750
Cooling stage Time/Digits 30/000
Purging gas Argon
Gas stop facility on
Background corrector on
Slit 4
(1) Time in seconds;
(2) Digits: 35 = 100°C; 126 = 550°C, 750 = 2040°C
The signal was recorded ona Perkin-Elmer 56 chart recorder
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2. Instrumentation Laboratory 357 Single Beam Atomic Absorption 
Spectrophotometer, equipped with both a long slot burner head 
and G55 graphite furnace. A deuterium lamp was used for back­
ground corrector, and a hollow cathode lamp was used.
TABLE 2.3
Flame conditions for IL Spectrophotometer
Flame Lean blue
Oxidant Air
Fuel Acetylene
Nebulizer Adjusted to give optimum response
Burner head position Adjusted to give optimum response
Slit 1 nm band pass
The above table describes the flame conditions for determination 
of lead. The conditions of the flame recommended by the manu­
facturers for determination of other elements were applied.
TABLE 2.4
Graphite furnace etc. conditions for IL spectrophotometer
Drying stage (1) Time/Temperature 20/75°C
Drying stage (2) Time/Temperature 25/100°C
Ashing stage (1) Time/Temperature ■ 15/350°C
Ashing stage (2) Time/Temperature 20/600°C
Atomization stage Time/Temperature 10/2000°C
Background corrector on
Slit 0.5 nm band pass
Purging gas Argon 10 SCFH
The signal was displayed on the digital display of the 
instrument.
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3. Micropipette, ; equipped with a disposal plastic tip, 
adjusted to sample 25 y1. Two types were used: Nichiryo and 
Finn-pipette.
4. Casella products personal samplers with adjustable flow 
rates were used.
Serial No.
A. small pump working at 7| V. T 13055/1
B. small pump working at 5 V . T 13051/2
C. larger pump working at 12V. T 13180.
5. Battery chargers
6. Centrifuge
7. Shaker
8. Ball mill, supplied by Pascall Engineering Company 
Ltd.
9. Moulinex blender
10. Corning pH meter, type 113.
2.3 Soil
2.3.1 Soil Sampling
Before the opening of the A3 by-pass, a number of sampling 
points were chosen randomly for estimation of the background 
level of lead in soil. Another set of soil samples was 
collected from a garden close to the road. The garden had 
dimensions of 51 m (length) x 45 m (width). Samples were
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taken, close to the centre of the garden along a perpendi­
cular line to the fence* A distance of 3 m separated
each sampling point from the next [see map (1), on page 51 ] 
After the road opening, samples were collected from random 
points around Burpham School, Bowers Cottages and Council 
allotments. Two sets of samples were collected:-
(1) from the same garden. The garden was considered as .. 
rectangular; five samples were taken along each diagonal 
separated by equal distances. Samples were taken after five 
months, and repeated after 11 months from the road opening.
A few samples were taken along the fence between the garden 
and the Bowers Cottages.
(2) along both sides of the A3, 10 m from the road kerb.
The distance of 1.1 mile between the garden and Guildford 
town was divided into 10 equal distances, and samples were 
taken from each point. Sampling was repeated 14 months 
after the road opening [see map (5) and (4) on pages (55,571.
A metal corer, 3.8 cm diameter, was used to remove 
the soil samples from the ground. The corer was forced 
by twisting to penetrate the ground up to 10 cm in depth, 
then withdrawn and each sample placed in a new polythene 
bag. Large stones were avoided during the course of 
sampling.
2.3.2 Soil Treatments
Soil samples were spread on clean polythene sheets, 
any stones or attached vegetation removed by clean forceps 
and the sample allowed to air-dry. Aggregates were spread
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out with a clean spatula, then the sample was passed through 
a sieve (10 mesh) to remove as many fine roots as possible 
and any foreign materials. .Samples were ground in a ball 
mill for long enough to enable them to pass through a sieve 
of 500 mesh. Any retained matter was discarded. The 
resulting sample was thoroughly homogenized [see Appendix 1 
Table ( 2)]. The sample was transferred to a watch glass
and heated in an oven at 100-105°C for at least 15 hours.
The sample was then placed in a vacuum dessicator and allowed 
to reach the room temperature before weighing.
About 5 grams were weighted out and placed in a 250ml 
conical flask equipped with a reflux condenser. A.R.50%.(V/V) 
nitric acid (35-40 ml) was added to the sample which was 
heated on a hot plate with magnetic stirring taking place for 
two and a half hours. The reaction between the acid and the 
soil sample was quite vigorous, and was accompanied by the 
liberation of nitrogen oxides. At the end of the heating 
period the mixture was allowed to cool & filtered through a 
porous glass funnel. The flask walls and the residue were 
washed twice with 10 mis nitric acid. The filtrate was 
transferred to a volumetric flask (100 ml) and nitric acid 
(50%) was added to bring the volume up to the mark. The 
solution was then ready for measurement by atomic absorption.
2.3.3 Analytical Method Evaluation
Three alternative methods of sample treatment were 
tried and compared with the method described above;-
A) HF-HN03 digestion: 0.2 gm of sieved dried soil placed
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in 50 ml Teflon beaker. A mixture of 5 mis of 40% hydroflouric 
acid and 15 mis of 50% HNO^ measured by using a plastic 
cylinder was added. The mixture was heated on a hot plate 
until dryness.Another 10 mis of HF/HNO^ mixture was added, and 
again heated to dryness. The white residue was mixed with 
2 mis 0.2 N HCl and transferred to a centrifuge tube, and 
the beaker walls were washed with 1 ml HCl. Another 2 mis 
of HCl were added to bring the total volume to 5 mis. After 
centrifuging for 10 minutes at 2000 r.p.m. the solution was 
decanted and used for the determination by atomic absorption.
B) Digestion/Extraction method: the same procedure as described 
in 2.3.2 was followes to obtain the soil extract. The soil 
extract (50 ml) was placed in a 500 ml pyrex beaker and 
neutralized with A.R. IN sodium.hydroxide. The NaOH was added 
very slowly, and the pH of the solution adjusted to approx­
imately 5. The reaction was highly exothermic and was carried 
out in a fume cupboard. The mixture was transferred to a 
separating funnel and 5 ml,of acetate buffer was added. (The 
acetate buffer was prepared as follows: Sodium citrate 1.2‘M 
and citric acid 0.7 M dissolved in 50 ml deionized water.
The buffer was purified by adding 5 ml chelating solution 
and extracting once with 20 ml MIBK). After the addition of 
buffer solution the pH was checked to ensure that it was 4.85. 
(The chelating agent was prepared as follows: 1 gm diethyl 
ammoniumdiethyl-dithiocarbama.te^.j (DDDC) and 1 gm Ammonium 
-■-pyrolidinedithiocarbam.ate (APDC) dissolved in deionized 
water and filtered through a Whatman No. 1 filter paper to 
remove the insoluble fraction of (APDC), and the final volume 
was made up to 100 ml by deionized water).
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5 ml of the above described chelating agent was added to the 
buffered solution (the soil extract) and shaken for 1 minute, 
and allowed to stand for a short while, followed by the 
addition of 5 ml organic solvent methyl isobutyl ketone 
(sometimes 3-heptanone), shaken for 2 minutes and allowed 
to stand for 5 minutes. The lower aqueous layer was dis­
carded, and the organic layer was back extracted with 4 ml 
(50%) nitric acid, shaken well and allowed to separate.
The aqueous layer was taken for the determination of lead. 
Dilution was sometimes required to bring the solution to the 
working concentration range.
C) Dry ashing prior to digestion method: the same procedure 
as described in 3.3.2, except that the soil sample prior to 
the digestion was placed in a porcelain crucible or Vitreosil 
crucible and weighed accurately. The crucible was placed in 
a muffle furnace set at 100°C, and the temperature was increased 
to 490°C over 5 hours. The ashing was continued for 4 hours 
at 490°C, then the crucible was removed and allowed to cool 
to room temperature.
The results obtained from methods A, B and C appear in 
Appendix 1.
2.4 Vegetation
2.4.1 Vegetation Sampling
Some grass and cabbage samples were collected to give an
idea of the level of the lead of vegetation near the A3 by-pass.Time 
did not permit a large number of samples to be taken. Before
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the opening of the A3, a distance of approximately 200 m 
from the road was chosen for the collection of grass samples,
[see map ( 6) on page (62)]. The grass was collected in
March and April 1981, also samples of soil within 5 cm of 
the roots were taken.
After the road opening cabbage samples were collected 
from allotments No. 7 and No. 13 by Burpham Lane. The 
cabbage samples were removed with their roots and the soil 
around the roots, and placed in polythene bags. The sampling 
was done three months after the road opening, and repeated 
after 11 months. A few grass samples were collected after 20 
months of the road opening [see map (6 ) on page (62)].
2.4.2 Vegetation Treatment
The vegetation sample with the soil attached to the 
roots was allowed to air-dry. After reaching dryness, the 
soil was separated and treated as described in 2.3.2.
The grass sample was soaked once in deionized water, placed 
on a watch glass and kept in an oven at 100-105°C to achieve
complete dryness. The stems and the outer leaves of the
cabbage samples were soaked once in deionized water, placed 
on a watch glass and dried in a similar way to the grass 
samples. The dry vegetation samples were ground, using an 
automix so that they passed through a 100-mesh sieve.
About 1 gm was weighed and placed in a 250 ml conical 
flask, equipped with a reflux condenser. Nitric acid 
(A.R. 20%, 35-40 ml) was added to the sample, which was then
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heated on a hot plate with magnetic stirring for two hours.
The reaction between the acid and the vegetation sample 
was quite vigorous and accompanied by the liberation of 
nitrogen oxides. At the end of the heating period the 
mixture was allowed to cool and filtered through a porous 
glass funnel. The filtration was slow on account of,the 
jelly-like consistency of the residue. The flask walls and 
the residue were washed with 10 ml acid (20%). The filtrate 
was transferred to a volumetric flask (100 ml) and nitric 
acid (20%) was added to bring the volume up to the mark.
2.5 Lead Particulates in Atmosphere
2.5.1 Sampling of Lead Particulates
The area under investigation was on the outskirts of 
Guildford. Before the opening of the A3 by-pass there were 
a few minor roads which contributed to the lead level in the 
area. The concentration of lead particulates in the atmos­
phere before the road opening was considered as a background 
level. This background was established by choosing random 
sampling points in the area [see map (7 ) on page (64)].
Samples were collected at different times of the day 
and also overnight, but mainly under similar meteorological 
conditions: dry weather and a light wind. A few samples were 
collected on wet days. The monitoring of lead particulates 
in the atmosphere was continued after the by-pass was opened 
at regular intervals. . .
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Low volume samplers [Casella portable samplers), adjustable 
to 1 f min'i or 2 £ min”  ^ flow rates were used to collect the 
air particulates. The air passed through either a glass fibre 
GF/F (0.7 urn pore size, Whatman) or a cellulose membrane filter 
(0.8 urn pore size, millipore AA). The volume of the sampled 
air was around 500-600 1, except samples collected overnight, 
when the volume of air was around 1200 1. Plastic holders 
having apertures of 3.7 cm and 2.S cm were used to house the 
GF/F and the membrane filter discs respectively. Three other 
different holders were used in sampling and evaluation of 
head geometry (see Appendix 5 ).
The holder was loaded with the filter disc in the labo­
ratory and kept away from ambient contamination by fitting 
the cover on the aperture. The GF/F filters were kept in a 
dessicator and their dry weight was taken before loading in 
the holder. Filters of similar weight were taken to provide 
the blank reading in the background experiments.
The loaded filter disc holders were connected by pvc 
tubing to the pump at the sampling point, at a height of 
70 cm from the ground surface and directed towards the A3 
by-pass. At the end of the sampling time the pump was dis­
connected, the time was noted before and after the running 
of the pump. The filter disc was removed from the holder 
and placed in a clean petridish, covered and transferred to 
the laboratory for further processing.
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2.5.2 Flow Rate Measurements
Flow rate is one of the most important factors influencing 
the precision of lead particulate determination. A graduated 
glass tube of 2.5 cm diameter, equipped with bulb containing 
soap solution was used to check the flow rate. The outlet 
of the tube was connected by pvc tubing to a trap of calcium 
chloride, and then to the inlet of the pump. The inlet of 
the tube was connected by pvc tubing to the loaded filter 
disc holder (see Appendix 4) .
After running the pump for a few minutes to achieve steady 
state, the time for a bubble to travel a distance equivalent 
to 100 ml inside the measuring tube was recorded and repeated 
10 times. To run the pumps the following batteries were used:-
1) Lead-acid battery: this gave a voltage up to 12.95 V.
When the battery was discharged, the voltage soon dropped 
to 12.6 V, then remained steady for a long period. Fully 
charged batteries were always discharged to 12.6 V (by connect­
ing to 50 Q resistance) before use. Lead acid batteries were 
used whenever samples were collected for long periods (> 5 
hours). A sealed lead acid battery charger was used for re­
charging.
2) Nickel-cadmium batteries: each individual battery gave
1.2 V when it was charged, and the drop in voltage was slow.
Six batteries were used, and recharged with a RS 591-064 
Casella charger at 350 m.a.
3) Silver-zinc batteries: a pack gave a maximum of 8 Volts 
when it was fully charged. The drop in voltage was slow.
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They were recharged using an automatic Casella charger
The flow rate/time curves at 20°C for 2) and-3) 
appear in Appendix 3.
2.5.3 Filter Disc Treatment
The filter disc (GF/F or cellulose membrane) was placed 
in a 100 ml beaker, 30 ml of 10% AR nitric acid and 0.2% AR 
hydrogen peroxide were added. The disc was kept under the 
solution level by pressing down with a glass rod. The beaker 
contents were heated directly on a hot plate at moderate 
temperatures over a 50 minute period.
Cellulose membrane discs were usually dissolved completely 
while glass fibre GF/F remained undissolved. The beaker was 
allowed to cool, and 20-25 ml deionized water added to replace 
the evaporated water. A short time was allowed for settling; 
then the contents of the beaker were filtered through Whatman 
No. 1 paper which had been pre-washed with 10% AR nitric acid. 
The filtrate was collected in a 100 ml volumetric flask and 
made up to the mark by the addition of a mixture of 10% nitric 
acid and 0.2% hydrogen peroxide. Blank measurements were made 
on a solution prepared in exactly the same way from unused 
filter discs.
2.6 Calibration Solutions and Calibration Curves
2.6.1 Calibration Solutions
1 gm of AR lead metal was placed in a 100 ml beaker and 
dissolved in hot AR nitric acid (50%, 20 ml) , then the contents
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o£ the beaker cooled and transferred to a 1 £ volumetric 
flask. The beaker walls were washed several times with 
deionized water, and the final volume made up by deionized 
water. The solution was shaken, then transferred to a poly- 
ethene container for storage. The stock solution was freshly 
prepared every three months.
A working range of solutions for the flame and the 
graphite techniques were prepared by dilution with nitric 
acid. The working ranges were:-
P.E. 306, flame 3 - 12 yg ml”^
P.E. 306, furnace 0.05-0.3 yg ml"^
I.E. 357, flame 0.5 - 3 yg ml"i
I.E. 357, furnace 0-.005 - 0.025 yg ml“^
Commercially available standard solutions were used for 
preparing working solutions for other metals. The working 
ranges recommended in the manufacturers manuals were used.
2.6.2 Calibration Curves
A) Flame technique: the instrument was allowed to warm up.
The hollow cathode lamp was set to the recommended value,
.and the lamp position adjusted to give maximum energy. The 
burner head height was adjusted to be slightly lower than 
the light beam. The flame was ignited and its state adjusted 
e.g. lean blue in case of lead. A blank solution of the 
working solvent (nitric acid and deionized water) was aspirated 
in the flame for conditioning. A standard solution was 
aspirated, and adjustments made to the nebulizer up-take,
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and to the lateral position of the burner head, until the 
maximum absorbance was obtained.
Next, the blank solution was aspirated again, and the 
absorbance set to zero. The lowest concentration of the 
working range was aspirated and its absorbance recorded, 
followed by the higher concentrations. Absorbance was 
plotted against concentration to obtain the calibration 
curve. The XL spectrophotometer has its own microprocessor 
to establish the calibration curve internally, so the con­
centration of the sample could be obtained directly.
B) The graphite furnace: the furnace was assembled in the
instrument, and its position adjusted to allow the maximum 
energy to pass through. The background corrector was 
switched on and aligned to superimpose the light beam.
The deuterium lamp was allowed to warm up, and the energy 
reading for the hollow cathode lamp and the deuterium lamp 
adjusted to be similar. The heating/time programme was set 
and the graphite tube cleaned at 2500°C for 5 seconds.
The blank solution [25 yl) injected, the furnace programme 
was started and the peak height recorded. This measurement 
was repeated at least three times.
The least concentrated solution of the working range 
was injected 3-5 times, and corresponding peak heights 
recorded. Measurements were carried out in solution of 
other concentrations in the same way. The peak height 
readings were averaged, and the average blank reading sub­
tracted. A calibration curve of peak height versus concen­
tration was drawn.
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2.7 Matrix Measurements
2.7.1 Determination of Other Elements
Soil samples collected around the A3 by-pass were treated 
with nitric acid, as described in 2.3.2. The soil extract 
was analysed for the elements Al, Cd, Ca, Cu, Cr, Fe, K Mg, 
Ni, Ag, Li and Zn. Al and Cr were analyzed in an acetylene/ 
nitrous oxide flame.
2.7.2 Effect of Interferences
The effect of some cations and anions on the analysis of 
a solution containing lead was studied in both the flame and 
graphite furnace techniques. Elements were added as their 
nitrates, except Al and Mg metals; they were added after 
dissolution in an acid. A range of 500-1500 yg ml"^ of the 
interférant was added to 1 yg ml~^ lead in the flame technique 
and the absorbance was recorded. A range of 1-5 yg ml"i of 
the interférant was added to 0 . 0 1  yg ml"i lead in the graphite 
furnace technique and the absorbance was recorded.
A range of 5% to 15% of HCl, H^PO^ and HgSO^ was added 
to pure lead solutions both in the flame and graphite furnace 
techniques and their effects recorded.
2 . 8  Petrol Analysis
A sample (1 ml) of petrol was placed in a 250 ml conical 
flask, equipped with a reflux condenser. Nitric acid [50%,
1 0  ml) was added, and 2 ml of a 1 % solution containing 
ammonium pyrolidinediethylcarbamate. The mixture was
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heated on a hot plate with magnetic stirring. The heating 
and stirring were allowed to continue for one hour, then 
the mixture was allowed to cool to room temperature. The 
mixture was then transferred to a 2 0  ml separatory funnel, 
and the aqueous layer taken for the lead determination.
A portion (1 ml) of this layer was diluted to 25 ml with 
50% nitric acid, then analysed by atomic absorption. The 
blank was prepared from 10 ml of nitric acid (50%), which 
had been refluxed with 2 ml of 1% APDC, and diluted in a 
similar way to the sample.
2.9 Road Cone Experiment
The outer part of a lead head (Casella product) was modi­
fied to fit under a circularaperture made in the top of an 
ordinary road cone of 60 cm height (see Appendix 5).
A membrane filter disc of 25 mm could be housed easily 
in the modified head. The filter disc holder was loaded 
in the laboratory with the filter, and connected to the 
pump by pvc tubing at the sampling location. The road cone 
and the pump were placed on one side of a one-way street. 
Another road cone, similarly equipped, was placed on the 
opposite side of the street. When sampling was complete, 
the filter discs were placed in petridishes,. covered and 
transfered to the laboratory for further processing as 
described in 2.5.3.
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CHAPTER 3: RESULTS
Summary of tables
Results obtained from soil samples collected before the 
opening of the A3 by-pass are presented in Tables 3.1.1 and 
3.1.2, and the results of soil samples collected after the 
road was opened in Tables 3.1.3, 3.1.4 and 3.1.5. Table
3.2.1 shows results obtained from grass samples collected 
before the road was opened, and Tables 3.2.2 and 3.2.3 show 
the results from grass and cabbage samples respectively, 
collected after the road was opened.
Table 3.3.1 shows the levels of lead particulates in 
the atmosphere before the road opening, while Table 3.3.2 
shows the lead level after opening, collected from different 
sampling locations. The effect of different flow rates on 
analysis for atmospheric lead is shown in Table 3.3.3.
Table 3.4.1 shows the concentration of some common 
elements in soil samples collected around the A3 by-pass.
The effect of some cations and anions on lead readings 
obtained by the flame and graphite furnace techniques is 
shown in Tables 3.4.2 and 3.4.3 respectively. The effect 
of perchloric acid on lead readings is shown in Table 3.4.4.
Table 3.5 shows the lead content of petrol. Finally, 
Table 3.6 shows the effect of changing the sampling position 
for atmospheric lead in a one-way street.
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Table 3.1.1: Lead levels in garden soil before road opening
Sample code^ Pb yg g-l* 2Comments-.'
HI 63. 9 Collected dry
H2 8 8 . 0 Collected dry
H3 34.5 Collected wet
H4 35.9 Collected wet
H5 25.0 Collected wet
H 6 29.9 Collected wet
H7^^ 46.5 Collected wet
H 8 26.0 Collected wet
H9 36.0 Collected wet
HIO 39. 8 Collected wet
Hll 33.0 Collected dry
HI 2 57. 7 Collected wet
HI 3 42.0 Collected wet
H14 85.7 Collected wet
HI 5 172.6 Collected wet
Notes : (1) Samples collected 3.6.1981
(2) See location map (1)
(3) All samples collected from a soil surface 
covered with grass, except H2
(4) Reacted vigorously with the acid 
* The mean value = 54.4 y g g"!-,
51 /êi»n'rrj^  Lttrk
F B
2985 i 2 24
1985162
Ile % Grtni
/
Map (1): Soil samples collected from the garden before 
opening of the A3 by-pass
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Table 3.1.2 Lead levels near the road before road opening^
2Sample Code Pb lig g"i* Comments
I (top)^ 305.6 Collected wet
1 (bottom) 271. 7
2 (top)3 283.2 Collected wet
2 (bottom) 263.9
3 (top) 45.8 Collected dry
3 (bottom) 23.9
4 (top) 41.1 Collected dry
4 (bottom) 38.1 Collected dry
A 61.0 Collected dry
B 43.1 Collected dry
C 47.5 Collected dry
D 51.0 Collected dry
H7 34.7 Collected dry
CG2 53.3 Collected dry
Notes : (1) All samples collected 8.5.1981, except
sample CG2 collected 3.6.1981
(2) See location map [ 2]
(3) Samples 1&2 collected near to River We'y 
immediately after flood
* The mean value = 47.2 y g g“^
[Samples 1,2,3 (bottom) and 4 (bottom) 
excluded ]
& { ;
i
à m ' ï M
9 .
Map (2): Soil samples collected 
at various distances from the 
A3 by-pass before opening.
. : 000*
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Table 3.1.3 Lead concentrations alongside the road after 
5 and 14 months of the road opening
Sample code^ 10.11.1981^ Pb ug g-l*
13.9.1982- 
Pb M g  g-i**
RlOl 50.4 50. 7
R102 56.5
R103 79.3
R104 68.7
R105 61.7 6 8 . 1
R106 73.8
R107 85.1
R108 89.4
R109 95.2
RIOIO 65.5 62.0
LlOl 78.4 84.7
L102 99.0
L103 84.1
L104 46.1
L105 63.2 63.3
L106 6 8 . 5
L107 48.1
L108 62.9
L109 81.7
LlOlO 67.3 73.7
Notes : (1) see location map (3)
(2 ) samples collected wet from a soil surface 
covered with thick grass
* The mean value = 71.1 yg g”  ^ ,
** The mean value = 67.1 yg g“^
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Map (3): Soil samples collected alongside the A3 by-pass
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Table 3.1.4 Lead concentrations in garden soil after 5 
and 1 1  months ofvthe road opening
Sample
code 10.11.1981^ Pb ug g-l*
30.6.1982^ 
Pb ug g"i**
ACl 46.9 38.0
AC 2 42.0 90.9
AC 3 41.8 38.8
AC4 39.0 45.4
AC5 45.0 39.8
DBl 185.3 140.0
DB2 51.9 109.2
DB3 52.0 61; 1
DB4 56.0 78.4
DB5 55.7 48.6
CDl - 256.2
CD2 - 117.8
CD3 - 51.1
Notes : (1) see location map (4)
(2 ) samples collected wet from a soil surface 
covered with grass
* the mean value = 61.6 yg g“^
** the mean value = 69.0 yg g"^ (samples GDI, CD2 
and CD3 were excluded)
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Map (4): Soil samples collected 
from the garden after opening 
of the A3 by-pass.
.DO
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Table 3.1.5 Lead concentrations in some locations after 
1 1  months of road opening
Sample Code^ Pb yg g"^ . Comments
0 148.3 Collected dry
P 73,6 Collected dry
Q 510.0 Collected dry
R 404.0 Collected dry
S 1617.1 Collected wet
CG2, No. (7) 8 6 . 3 Cultivated soil,coll.wet
CG2, No.(13) 139.6 Cultivated soil,coll.wet
School (1 ) 76.0 Collected dry
School (2) 6 8 . 3 Collected dry
School (3) 77.0 Collected dry
School (4) 87.6 Collected dry
School (5) 83.7 Collected dry
School (6 ) 673. 7 Collected dry
CGI (1) 85.9 Cultivated soil,coll.wet
CGI (2) 89.8 Cultivated soil,coll.wet
CGI (3) 51.0 Collected wet
Notes : (1) see samples location map (5), and map (3 ).
V. A H uW  O  H  p L L
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Map (5): Soil samples collected 
from Bowers Cottages and Burpham 
School after opening of the A3 
by-pass
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Table 3.2.1 Lead levels in grass before road opening
S amp1e 
code 1
Pb ug g"L 
in grass Pb ug g”  ^in soil
No. of.», 
samples-' Collected
grass (1 ) 
grass (2 )
6.7 
11. 3
67.3 
6 8 . 1
5
5
, March. 1981 
April 1981
Notes ; (1) see location map (6 )
(2 ) dry matter
Table 3.2.2 Lead levels in • grass after road opening ^
Sample
code Pb yg g"iin grass'' Pb ug g"l in soil No. of samples Collected
•grass (gl) 27.8 - 2 50m from road
grass (g2 ) 13.3 51. 2 2 1 0 0 m from road
grass (g3) 1 1 . 6 - 2 125m from road
Notes : (1) samples collected 14.2.1983
(2 ) see location map ( 6 )
(3) dry matter
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Table 3.2,3 Lead levels in cabbage after road opening
Sample
code
Pb ug g~i 
stem* Pb ug g"1 leaf * Pb ug g"i soil
No. of 
samples
CG2 (13) 10.11.81 .27.8 35.9 56.0 3
CG2 (13) 30.6.82 24.7 43.4 139. 6 3
CG2 (7) 30.6.82 27.6 46.3 86.3 2
Notes : (1 ) see location map (6 )
* dry matter
— 6 2 —
Map (6 ): Vegetation samples collected before and after 
opening of the A3 by-pass
r
«
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Table 3.3.1 Lead levels in the atmosphere before road
. 1opening
Date 
July 1981
time of 
collection
Sample
Code^
Type of3 
filter disc
Pb ug m"3*
1 1 11:00-15.00 7 GF/F below det.
1 1 - 1 2 overnight^ 6 GF/F 0. 31
1 2 15.00-20.00 5 GF/F 0. 33
13 10.00-15.00 4 GF/F 0.090
14 10.00-14.00 8 MEM.AA 1.084
15 11.30-15.30 9 GF/F 0.356
23-24 overnight A MEM.AA 0.085
24 11.00-14.00 E GF/F 0.126
25 12.00-15.30 F GF/F 0.251
26 11.00-17.00 I MEM.AA 0.77
26 14.00-19.00 M GF/F 0.125
26 17.00-21.00 B MEM.AA 1.005
27 11.00-15.30 D MEM.AA 0.127
27 12.00-16.00 G GF/F 1.149
27 16.00-20.30 J GF/F 0. 334
27-28 overnight L MEM.AA 0.124
Notes : (1) P.E. HGA-7_2 graphite furnace with gas stop
facility on at atomization stage
(2) see location maps(7&8), and Appendix 6 for 
weather parameters
(3) dry weight of the GF /F was taken, blank 
obtained by similar weights of new filters
(4) overnight = 20.00-9.00
* the mean value = 0.42 yg m-^
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Map ( 7 ) :  Location of lead particulate samples collected 
before opening of the A3 b/“pass
*' L L S D O N
.0.0
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Map (8 ): Location of lead particulate samples collected 
before opening of the A3 by-pass, and one 
sampling location (M) after opening.
f
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Table 3.3.2 Lead levels in atmosphere after road opening
Time Sample , :cQdé.lr:';;'::ÿ;:?_ Date
K: Location' School
27-28.7.1981 overnight L 0.125*
11.7.1981 11.00-15.00 7 Below det. limit
26.7.1981 14.00-19.00 K 0.132*
16.12.1981 11.00-16.00 14 1.196
26.1.1982 10.30-15.30 15 1 . 2 2 0
26.3.1982 11.00-16.00 16 0. 730
15.4.1982 11.00-16.00 24 0.48T
15.5.1982 11.00-16.00 25 0. 713
29.7.1982 10.30-15.30 382 . 1.383
29.7.1982 10.30-15.30 482 1.642
29.7.1982 10.30-15.30 582 1.418
D: Location Council allotment (II)
27.7.1981 11.00-15.30 D 0.12 7*
27.11.1981 9.30-15,00 17 1.590
- 27 . 1. 1982 10.00-15.00 18 0. 631
22.3.1982 12.00-16.30 33 1.811
26.4.1982 11.30-15.30 34 1.920
22.5.1982 12.00-16.30 35 1. 700
28.7.1982 11.30-16.00 182 1 . 1 2 0
28.7.1982 11.30-16.00 282 1.160
M: Location Council Allotment (I)
26.7.1981 14.00-19.00 M 0.125*
16.12.1981 11.00-16.00 13 1.167
26.3.1982 11.00-16.00 2 2 0,978
24.5.1982 10.00-15.00 23 0.600
30.7.1982 10.00-15.00 682 0. 509
30.7.1982 10.00-15.00 782 0.618
30.7.1982 10.00-15.00 882 0.534
Cont'd.
Table 3.3.2 cont’d.
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Date
Time Samplecode Pb yg m"3
F: Location, fence corner (near bridge)
25.7.1981 12.00-15.30 F 0.252*
28.8.1981 11.00-16.00 B' 1.386
23.9.1981 11.00-16.00 E' 1.426
26,2.1982 11.00-15.30 27 0.870
19.4.1982 11.00-16.00 28 1.030
2.8.1982 12.00-16,30 982 5.469
2.8.1982 12.00-16.30 1082 6.105
2.8.1982 12.00-16.30 1182 6.543
G: Location, fence corner (away from)bridge)
27.7.1981 12.00-16.00 G 1.149*
28.8.1981 11.00-16.00 C ’ 1.303
23.9.1981 11.00-16.00 F’ 2.490
26.2.1982 11.00-15.00 26 2.670
19.4.1982 11.00-15.30 29 1.910
3.8.1982 10.00-15.00 1282.: 3. 240
3.8.1982 10.00-15.00 1382 2.423
3.8.1982 10.00-15.00 1482 2. 750
E: House, side garden (in centre)
24.7.1981 11.00-14.00 E 0.126*
20.4.1982 10.30-16.00 31 1.197
4.8.1982 10.00-15.00 1682 0. 577
4.8.1982 10.00-15.00 1782 0. 609
Cont’d.
Table 3.3.2 cont’d.
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Date Time
Sample
côde Pb yg m"3
A: Location, house, front
23-24.7.1981 . overnight A 0.085*
. 28. 8.1981 16.30-21.00 A' 1.181
2.2.1982 10.00-15.00 30 0.883
5.8.1982 10.00-15.00 1882 0.656
5.8.1982 10.00-15.00 1982 0.825
5.8.1982 10.00-15.00 2082 0. 796,
B: Location, house, back garden
26.7.1981 17.00-21.00 B 1.005*
23.9.1981 11.00-16.00 8 1.084
20.4.1982 15.00-20.00 32 1.546
5.8.1982 15.30-20.00 2182 2.264
5.8.1982 15.30-20.00 2282 1.992
5.8.1982 15.30-20.00 2382 2.178
Notes: (1) see location maps(8&9) and Appendix 6 for 
weather parameters
the first entry (or entries) in each section of 
the table represent(s) the results obtained 
before 28.7.1981 repeated here for comparison.
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sampling location of lead particulates 
after opening of the A3 by-pass
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Table 3.3.3 E££ect%of the flowraté'and the filter-disc holder 
geometry .oh the collected lead particulates
Sanpfe
Code ■ 'Date^^) Time Type ■ filter
Type
head*
Flowrate 
1 min" ^
Pb ■ 
ug m-3
A ihry .rasz - 11.30-15.00 mem. AA . ..SLH 2 . 0 0.51mem. AA MLH . 1 . 0 0.48B 8.7.1982 16.00-20.00 mem. AA SLH 1 . 0 3.43mem. AA SLH 1 . 0 3.40C 4.6.1982 9.30-14.00 mem. AA MLH 2 . 0 3.22
mem. AA MLH 1 . 0 4.39D 10.6.1982 9.30-14.00 mem. AA MLH 1 . 0 2.44mem. AA MLH 2 . 0 •1.73E 11.6.1982 8.30-14.00 mem. AA MLH 2 . 0 0.91mem. AA MLH 1 . 0 1 . 2 0F 20.9.1982 15.00-19.00 GF/F CPH 1 . 0 6 . 1 2mem. AA CPH 2 . 0 4.34mem. AA HSE 1 . 0 6.09G 21.9.1982 16.00-20.00 GF/F CPH 2 . 0 1 . 8 8mem. AA CPH 1 . 0 0. 70mem. AA HSE 1 . 0 1.52H 24.9.1982 11.00-15.00 mem. AA HSE 2 . 0 2 . 0 0mem. AA SLH 1 . 0 1.92I 22.9.1982 16.00-20.00 GF/F MLH 2 . 0 3.59mem. AA MLH 1 . 0 10.09mem. AA HSE 1 . 0 10.08J 25.10.1982 11.00-14.30 mem. AA HSE 1 . 0 2 . 60GF/F SLH 2 . 0 3.86mem. AA SLH 2 . 0 2 . 0 1K 27.10.1982 12.00-15.00 mem. AA SLH 1 . 0 3.01GF/F MLH 1 . 0 3.08mem. AA MLH 2 . 0 1.26L 24.11.1982 11.00-14.00 GF/F CPH 2 . 0 2.70GF/F SLH 1 . 0 5.80GF/F MLH 1 . 0 5.90M 24.11.1982 14.00-17.00 mem. AA CPH 2 . 0 7.30mem. AA SLH 1 . 0 6 . 70mem. AA MLH 1 . 0 6 . 80
Notes : (1) see location map ( 1 0 ). L,M from location (F) map (9 ).
C*) SLH: standard lead head 
MLM: modified lead head 
CPH: conventional plastic head 
HSE: head used by Health and Safety for lead 
measurements 
(see Appendix 5)
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Table 3.4.2 Effect of some cations and anions on 0.01 yg ml“^Pb 
in nitric acid (graphite furnace)
Matrix
Species
Peak height 
for pure Pb soln.
Peak height for so lution'y ef­
fect*matrix 
1 ue ml'i
matrix 
3 yg ml'i
matrix 
5 yg ml"i
Ag 0.050 0.050 0.045 0.044
A1 0.045 0.045 0.047 -
Ca 0.047 0.046 0.053 -
Cd 0.056 0.056 0.054 +
Cr 0.053 0.053 0.052 0
Cu 0.054 0.054 0.054 0
Fe 0.041 0.033 0.032 0.035 —
Hg 0.034 0.033 0.033 —
K 0.031 0.036 0.038 0
Li 0.039 0.042 0.043 0
Mg 0.040 0.039 0.042 0
Ni 0.042 0.042 0.042 "o'
Zn 0.037 0.037 0.036 _
NaCl 0.031 0.032 0.033
NaNOg 0.033 0.037 0.034
^^2^^3 0.039 0.042 0.040 0
0.032 0.036 0.031
Na^PO^ 0.047 0.038 0.039 0.037
Na^O.XSiOg 0.037 0.034 0.038
5% 1 0 % 15%
HCf- 0.048 0.045 0.046 -
H 2 SO4 0,008 0.007 0.008 “ —
H 3 PO4 0.025 0.054 0 . 1 1 2 + +
Notes : 0: no effect
slight depression or enhancement respectively 
large depression or enhancement respectively
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Table 3.4.3 Effect of some cations and anions on 2 yg ml"^Pb 
in nitric acid (flame)
Matrix Species Absorbance
Absorbance of lead solution +
Effectof pure Pb soln matrix 500 ppm matrix 1 0 0 0 matrix 1500
A1 0.138 0.135 0.136 0.136 0
Cd 0.131 0.130 0.129 -
Ca 0 . 1 2 1 0.118 0.118 — —
Cu 0.132 0.133 0.131 -
Cr 0.134 0.134 0.142 -
Fe 0.147 0.151 0.152 0.157 +
K 0.141 0.143 0.143 -
Mg 0.152 0.153 0.154 +
Hg 0.149 0.148 0.148 0
Ni 0.150 0.151 0.150 +
Ag 0.147 0.149 0.147 0
Zn 0.137 0.144 0.143 _
Li 0.151 0.153 0.152 +
NaNOg 0.147 0.130 0.129 0.130 —
NaCl 0.134 0.134 0.135 -
Na 2 S0 ^ 0.147 0.140 0.143 -
Na^CO^ 0.149 0.153 0.153 +
Na^PO^ 0.149 0.148 0.151 0
Na/O.XSiOg 0.151 0.151 0.150 +
; 5% 1 0 % 15%
E C l 0.149 0.143 0.141 0.140 -
H 2 SO4 0 . 2 0 2 0.235 0.268 + +
H 3 PO4 0.179 0.195 0.215 + +
Notes : (*) 0: no effect
slight depression or enhancement respectively 
large depression or enhancement respectively
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Table 3.4.4 Effect of perchloric acid* on measured 
lead in a soil sample
Percentage 
(70% perchloric acid) Pb yg g"1
2.5 167.3
5.0 150.1
1 0 . 0 118.2
15.0 105.6
2 0 . 0 96.4
* The standard solutions were prepared in 
nitric acid only
Table 3.5 Lead concentration in petrol
Type of petrol origin Pb gl-i
Esso 2 star* U.K. 0.24
Esso 4 star U.K. 0.42
Esso Super France 0.42
Esso Super Germany 0.171
* Results for 2-star petrol varied from
0 . 2 1  to 0 . 3 2  gl" ^
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CHAPTER 4: DISCUSSION
4.1 Evaluation of the.Measurements
4.1.1 Treatment of the Data
The precision of an analytical method is determined by the 
reproducibility.of the results. The standard deviation of a 
set of results is:- 
n
S = I (x. - x)? Cn-1 ) i=l
where - x represents the difference between single results
(x^) from the mean (x), and n - 1 represents the number of 
degrees of freedom. Better values for S can be found by pooling 
the precision data from a series of samples provided that the 
samples are similar in composition and analyzed identically.
The method of obtaining a pooled standard deviation, i.e. from 
several sets of measurements is:-
1 . Calculation of l(x^-x)^ for each set.
2. Addition of all s(x^ - x)^ for all sets.
3. The number of degrees of freedom is calculated by the
formula : total number of results - number of sets.
4. Division of the results obtained from step (2) by the
number of degrees of freedom and taking the square root
to obtain the pooled standard deviation.
The pooled standard deviation was divided by the slope 
of the calibration curve, then divided by the square root of 
the number of measurements of each sample to give the standard 
deviation of the mean concentration.
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The usual standard deviations of the mean concentration 
obtained with the P.E. 306 spectrophotometer were 0.0012, and 
0.046 yg ml"i for the graphite furnace and flame respectively. 
With the'IL^spectrophotometer the corresponding figures were
0.00034 yg ml"i for the graphite furnace and 0.006 yg ml"^ 
for the flame.
To obtain the standard deviation for the amount of lead
in the sample, the standard deviation found for the concen­
tration of lead in the solution analyzed by atomic absorption 
was multiplied by the appropriate factor:-
Soil and vegetation samples 100/W . Air samples 100/V.
1 0 0  ml : total volume of solution
W : weight of sample (g)
V : volume of sample (m^)
In the P.E. graphite furnace technique the calibration 
curve was constructed by injecting amounts of lead in the 
range 1.25 ng to 7.5 ng derived from a solution containing 
lead in a range of parts per million. The resulting peak 
heights were plotted versus the lead concentrations. The 
measurements of the background lead level in the atmosphere 
(Table 3.3.1) were done on the P.E. graphite furnace, and 
they were accompanied with additional uncertainty. This 
arose from the fact that some of the peak heights fall in 
the lower part of the calibration curve, between the origin
and the first calibration point. As far as samples containing
appreciable amounts of lead are concerned, the important 
sources of error are likely to be contamination of glass­
ware, chemical reagents and the environment of the laboratory.
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This contamination is probably the limiting factor in con-
8 75 8 7 89ventional analytical methods *  ^ , particularly when
applied to the analysis of biological samples, natural waters 
and other samples containing nanogram amounts of metals.
A few workers refer to ultra-pure techniques^, and the 
use of ionization dilution mass spectroscopy as an alternative 
to other spectroscopic methods which involve the comparison 
with calibration curves or standards. However, the ultra pure 
techniques are expensive, and time consuming, as well as not 
being readily available.
In the present work all glassware was soaked in Decon 
solution overnight and washed several times with deionized 
water prior to any use. In addition, for background measure­
ments glassware was soaked in concentrated nitric acid over­
night, followed by washing with deionized water. Blank 
readings were subtracted from the sample' readings. The blank 
values were always small, and in the worst case (GF/F filter 
discs) gave 0.03 reading compared with sample readings of 0.09 
to 0.14. Membrane discs (AA millipore) gave 0.002-0.003 
compared with the readings of 0.06-0.1. Cleaning of glassware 
(as mentioned above), and subtraction of the blanks were 
followed strictly throughout the work. The concentration 
of lead particulates in the atmosphere of the laboratory was 
monitored and found to be 0 . 2  yg m“ .^
The analytical technique and procedures described in the 
present work were developed after a considerable period of 
preliminary work, and it was found that changes in the 
technique could produce large variations in the results; for
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example, the injection technique, the method of preparation 
of standard solutions and their storage, and the condition 
of the spectrophotometer, all influence the results. A lot 
of results obtained with the P.E. spectrophotometer were 
rejected because the standard deviation was higher than the 
usual values and the sensitivity of the spectrophotometer 
was much lower than the value claimed by the manufacturers. 
The lack of sufficient/suitable equipment, particularly at 
the beginning of the project, limited the number of results 
which could be obtained.
4.1.2 Matrix Effects
The possible enhancement or depression of the atomic 
absorption readings by some cations and anions were studied, 
and the results tabulated in tables 3.4.2 and 3.4.3. The 
elements were added as their nitrates, except A1 and Mg 
which were added after dissolution in an acid. The anions 
Cl", NOg", CO^^" , S0^^~ , PO^^" and silicate were added as 
their sodium salts. The effects of HCl, HNO^, HCIO^, H^PO^ 
were also tried. The percentage differences between the 
readings obtained for pure lead solution, and from lead 
solutions containing added cations/anions were calculated.
Up to 10% difference was considered to be a slight depression 
or enhancement, more than 1 0 % was considered to be an appre­
ciable depression or enhancement. No significant enhance­
ment or depression was noticed, except with phosphoric and 
sulphuric acids.
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In the graphite furnace technique, sulphuric acid caused 
more than 95% depression in the readings, while phosphoric 
acid caused at lower concentrations (5%) a considerable 
depression. When the concentration of added phosphoric acid 
was increased further the digital readout showed a false 
signal due to the high background caused by the considerable 
amount of smoke produced during the atomization stage.
Smoke production is also the likely explanation for the 
high recorded signal associated with sulphuric and phosphoric 
acids in the flame. As far as the effect on soil samples is 
concerned, sulphate and phosphate are present, but the results 
of Tables 3.4.2 and 3.4.3 show that enhancement/depression 
of the signal due to sodium sulphate and sodium phosphate is 
insignificant.
8 8Shaw et al. showed that molecular volatilization asso­
ciated with chloride was avoided when samples were dissolved 
in nitric or perchloric acids. Both nitric and perchloric 
acids depress the lead readings, but the standards were made 
up in solutions of the same acid concentrations.
8 2Johanson indicated that lead in a sulphate matrix is 
largely lost in the form of gaseous lead sulphide. However, 
the formation of gaseous lead sulphide in sulphate matrices 
is subject to many influencing factors, including the nature 
of the graphite tube.
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4.2 Lead Particulates in the Atmosphere
4.2.1 Flow Rate Measurements
The measurements of the flow rate of pumped air 
requires the absence of any components which would increase 
the pressure on the pump, except, of course, the filter
discs, and many traps which could be used to collect the
7 7sample . The method described in 2.5.1 fulfils these 
requirements. The other important factor influencing the 
flow rate is the voltage of the batteries used to run the 
pumps. The flow rate was found to drop quickly after 5 
hours when nickel-cadmium batteries were used, while silver- 
zinc batteries lasted 5  ^ hours (see Appendix 3). '.
The time until a sharp drop in flow rate was longer 
for both batteries when the pumps were run at slower flow 
rates. Sealed lead acid batteries have a larger capacity, 
and were used to collect samples over long periods. Two 
pumps were equipped with electronic controllers which kept 
the flow rate constant provided that the battery yoltage 
exceeded a certain limit. A third pump had no such device, 
so a pack containing 6 nickel-cadmium batteries was used 
instead of the recommended Varta cell to maintain the 
voltage, and to avoid the pump's slowing down (usually below 
4.8 V) .
The batteries were not allowed to discharge to a low 
voltage, and they were kept in a good condition. Variation 
in the atmospheric pressure and temperature bring about 
variations in the volume of the sampled air. No corrections 
were made for such variations, because they were considered
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to be small compared with the likely errors arising from 
other factors.
4.2.2 Lead Levels in the Atmosphere Before the Opening of 
the Road
With reference to the maps ( 7 ) { 8 ) samples were
collected from the area before the opening of the A3 by-pass 
to establish an overall idea about the background lead level 
in the atmosphere. The mean value obained for the lead parti­
culates background in the area under investigation was 0.42 
ug m“  ^ (Table 3.3.1).
The individual readings varied from the mean value 
depending on the time and location of the sampling. The 
highest values were noticed in the vicinity of Clay Lane, 
but the effect of Clay Lane was not consistent. The enhance­
ment was clear at the sampling point B, 8 , G and I (see map 
( 7 ). However, at sampling point F which is closer than 
point I to the source of pollution, the reading was below 
the mean value.
Samples were collected on different days, and under 
differing meteorological conditions. These factors were 
the likely causes of the variations from the mean. Another 
factor was the possible contamination of the filter discs 
with the dust derived from the ground by a turbulence effect. 
The highest background lead levels in the atmosphere were 
observed behind the house and around Clay Lane Bridge. These 
high values are not in parallel with those obtained for soil 
samples in the same area; thus contamination from the ground 
seems unlikely.
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As indicated in Table 3.3.1 all the background measure­
ments were done in July 1981. Other workers have found 
lead particulates to be at their highest level during the 
Autumn^^. However, in the isotopic lead experiments 
carried out in Turin, the highest levels were observed 
'in Winter^ - '
4.2.3 Lead Levels in the Atmosphere After the Opening 
of the Road
After the opening of the road, 8 sampling locations 
were chosen with consideration of their importance to public 
interest. The school was an obvious choice for one of the 
locations. Five sampling locations around the house 
(Bowers Cottages) were chosen for two reasons, firstly the 
house itself was close to two roads: the A3 by-pass and Clay 
Lane; secondly, some of the background readings were high. 
Finally, locations in the Council allotments(I and II) were 
chosen because of their relevance to contamination of vegetables 
by lead. All eight sampling locations were within 250 m 
of the A3 by-pass and the results were obtained within 12 
months of the road opening (Table 3.3.2). Most of the 
sampling took place between 10.00-17.00 hours, except for 
location (B), which was usually sampled between 15.00-20.00 
hours.
The results obtained within the first five months of 
the road opening for all sampling locations showed a consi­
derable increase in the lead particulates level, and they 
have an average of 1.4 yg m"^. The highest lead levels were 
found in location (F), and the lowest in location (A), map ("^  ) .
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The latter location was different from all others in that 
it was 2 m above the ground level compared with the 70 cm 
usually used.
The lead particulates level increased during the first 
5 months after the road opening. Thereafter, the level 
remained fairly constant, apart from seasonal variations.
It was expected that all results would show minima during 
January and February 1982 due to the heavy snow and c: _ 
consequently reduction in traffic. Such minima were not 
evident. Moreover, some locations showed higher lead 
particulates levels.
The results for.the Council allotments I and II showed only 
slight variations after the increased level had been esta­
blished.
The results of the samples collected near Burpham School 
showed maximum lead levels within 7 months of the road 
opening. Subsequently, the levels declined until a minimum 
was reached during April 1982, then the results started to 
increase again and reached 1.3 to 1.6 yg m”  ^ in August 1982.
Samples collected closer to the A3 by-pass (within 10 m 
from the kerb), location (F) and location (G) showed a compli­
cated pattern. The results at location (F) showed normal 
lead levels until April 1982, then started to show the highest 
recorded levels of all the locations (Fig. 4.1). On the 
other hand, results for samples taken at the corner of the 
fence location (G) (only 50 m away) showed one of the highest 
background values (i.e. before road opening); then a small 
increase after the road opening (maximum 2.4-3.2 yg m”^).
- 8 7 -
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Fig. 4.1 Variation of lead concentration with time 
in locations F and A ,niap (9 ) .
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The lead particulates levels around the house (Bowers 
Cottages) were higher in the backgarden compared with levels 
in the side garden and in front of the house. The background 
lead for the backgarden was already high (1 . 0  yg m"^).
After the road opening, traffic along Clay Lane became 
much heavier, and many vehicles had to stop before turning 
right to join the A3. This turning is close to the back garden 
of Bower Cottages. The presence of vehicles waiting to turn 
right could be the factor responsible for relatively high 
lead levels in the back garden.
The results obtained after 12 months of the road opening 
show lead levels similar to those obtained during the first 
5 months of the road opening, except for location (F) near to 
Clay Lane Bridge, where the results are very high. Generally, 
the A3 by-pass carries between 6400-7000 vehicles in both 
direction in the 5 hour sampling periods during normal weekdays and 
5500-6000 vehicles during the weekends. Most of the vehicles 
using the A3 by-pass travel at 60-70 m.p.h.- All the 
results show increased lead levels, but there is a large 
variation from location to location, and some variation with 
time.
24Chamberlain et al. in a theoretical treatment,,and 
discussion of their own and previous data, concluded that in 
general the level of lead particulates in the atmosphere 
decreases quite rapidly with increasing distance from a busy 
road. They also discussed the influence of other factors, 
such as wind direction and topography. In the present work 
it is clear that the lead levels are not simply a function of
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Mean lead concentration ug m'- 3
Fig. 4.2 Variation of lead concentration with
increasing distance from the A3 by-pass .*map( 9) *
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distance from the A3 (see Fig. 4.2); the traffic along Clay 
Lane is one of the complicating factors.
4.2.4 The Effect of Changing the Flowrate and the Filter
Disc Holder on the Measurements of Lead.Particulates
Although most aspects of lead analysis have been discussed
thoroughly in the literature, the effect of the design of the
filter disc holders used in sampling air on results is not
71clear. Jackson et al. in a review of lead analysis, and 
the effect of lead on health, discussed the efficiency of 
the so-called "lead head", particularly as a function of 
orifice diameter and flowrate (see diagram of lead head in 
Appendix 5S) In the present work, four types of filter
disc holder were used:-
1) Standard lead head (SLH). 4 mm orifice diameter.
2) Modified lead head (MLH). 4 mm orifice diameter.
3) Conventional plastic head (CpH). 3.7 cm orifice diameter,
4) Head used by the Health and Safety Laboratory (HSE). 2.5 cm 
orifice diameter.
(See Appendix 5 for diagrams).
These filter disc holders differ from one another in the 
following respects :-
a) The diameter of the inlet orifice.
b) The outlet position, either directly behind the filter
disc or in a lateral position behind the filter disc.
c) The distance between the filter disc and the outlet
aperture.
In Table 3.3.3 results obtained from two or three different
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filter disc holders are compared. Each set of results was 
obtained at the same location over the same time period.
The combined effects of the filter disc geometry and flow 
rates were found to be greater when the sampling occurred 
near to the kerb side of the road, probably because of the 
wide range of lead particulates present in fresh exhaust 
emissions before they undergo acoagulation processes.
Samples taken at sites near roads on the University of 
Surrey campus where the traffic is relatively light, still 
show this effect, but to a lesser extent. It was noticed 
that the results obtained from a 2 f min“  ^ flow rate were 
usually lower than those obtained from 1 t  min~i. Some 
results obtained (G, H, J, M, Table 3.3.3) did not show this 
effect, probably due to other factors, such as the design of 
the head, and the different types of filter.
In a parallel study a trap containing S ml (AR nitric 
acid 1 0 % and 0 .2 % H 2 O 2 ) was placed on the line between the 
filter disc and the pump to collect the fraction of lead 
passing through the filter. The fraction of lead passing'" 
through the filter consists mainly of volatile or organic 
lead species, and lead particulates which penetrate the 
filter. Unfortunately, the IL spectrophotometer during the 
time of analysing the samples was not performing satisfactorily, 
and the mean standard deviation was 0.4 yg m"^ compared with 
the 0.14 yg m“3 normally obtained. The results indicated that 10% 
of the lead passes through the filter. There was no'- obvious corre­
lation between the flow rate and the amount of lead collected 
in the trap.
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4.2.5 Effect of Sampling Position in a One-way Street
Some measurements were carried out in order to determine 
the effect of the position of the exhaust outlet on vehicles. 
Most vehicles have the outlet directed away from the driver’s 
side, hence, in a one way street a higher level of atmospheric 
lead is expected on the left when one faces the same direction 
as the traffic flow. A one-way street in Guildford [map 11) 
was chosen, and simultaneous measurements of lead particulates 
from each side of the street were carried out. The street 
carried 1300-1350 vehicles in 3 hours. .
A similar experiment was carried out in a one-way street 
carrying 900-950 vehicles in 3 hours in Woking. Table 3.6 
shows the results obtained. All the samples collected from 
the left hand side show higher lead levels than the samples 
collected from the opposite side of the street. Clearly, 
other factors must be involved, such as the turbulence 
caused by buildings, the wind direction, and the pattern of 
driving. The large difference between the samples RC5 and RC6  
could be caused by the slowing up of traffic at the pedestrian 
crossing, and to the large percentage of vehicles (40-50%) 
turning left.
4.3 Lead Levels in Soil and Vegetation Samples
4.3.1 Lead Levels in Soil Samples Before the Road Opening
The pollution of soil by lead from vehicles is most 
pronounced on the surface of the soil. Lead as a divalent 
cation is only slightly soluble in an aqueous environment 
when associated with phosphate and carbonate, both of which
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are abundant in soil. Therefore, only a limited downward
4 2movement of lead is expected , and a soil surface contaminated 
by exhaust emissions, and the fall-out of airborne lead serves 
as a good indicator of pollution.
Many workers^^'^^*^^*^^ collected samples at depths between 
5 to 15 cm for lead pollution studies. In the present work 
samples were collected at a depth of 1 0  cm at random distances 
from the A3 by-pass to establish an overall idea about the
lead content of the soil.
With reference to maps (1,2) the sampling sites include
the gardens of Bower Cottages, close to Burpham Lane and located 
on flat area to the west of the A3 by-pass. On the opposite 
side of the A3 by-pass the Burpham County School is located 
on top of a small hill. A fence of about 2 metres height was 
erected between the school buildings and the A3. Another 
sampling site was the Council allotments (II) located to the 
west of the A3 by-pass. This is flat ground without trees 
or solid fences separating the allotments from the road.
Another allotment (I) closer to Guildford was also chosen.
This is on the slope of a small hill facing the A3 by-pass.
There was no clear source of lead pollution in the area^ 
except that due to traffic along Burpham Lane which used 
to cross the area in the vicinity of Bowers Cottages and the 
Burpham County School. There is now very little traffic 
along Burpham Lane because of the construction of the A3 
by-pass. Instead the traffic goes along the newly constructed 
Clay Lane. However, the effect of Burpham Lane was still 
clear, particularly on the soil samples collected near to 
Bowers Cottages and the school.
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With reference to maps ( 1 and 2), and Tables 3.1.1&3.1.2 
tike mean, lead level, excluding some higher values found 
close to the River Wey and collected during the flood 
season, was 52 yg g"l. However, it should be noted that 
soil was brought in from other areas during the construction 
of the A3 by-pass, probably affecting the background level of 
lead, particularly in areas close to the A3 by-pass Samples 
collected close to the river were high in lead content,
270 yg g"  ^ compared with the normal beckground of 52 yg g"^. The 
river was the.most likely the source of this enhancement.
4.3.2 Lead Levels in Soil Samples After the Road Opening
Samples collected alongside the A3 by-pass, 5 and 14 
months after the road opening (Table 3.1.3) show some accu­
mulation of lead,assuming the background level to be 52 yg g~^«
The mean lead level shows little change when results ? 
obtained after 5 months and 14 months are compared (71.1 
and 67.1 yg g"^ respectively).
It is doubtful whether these results indicate an accumu­
lation of lead, bearing in mind the uncertainty in the back­
ground level close to the road.
The highest results were obtained from samples collected 
from either side of the A3 by-pass near Clay Lane (samples 
L109, LlOlO), and from samples close to the first exit from 
the by-pass to Guildford town (samples R107, R108, R109,
LlOl, L102 and L103). The west side of the road gave relatively 
higher results, possibly due to the prevailing wind direction 
in the area. The results obtained from the Bowers Cottages
-95-
garden (Table 3.4.1) which occasionally were used for cattle 
grazing, show large variations around the mean,and À noticeable 
trend towards higher lead levels. The same trend was noticed 
among the results obtained from Council allotments I and II 
(Table 3.1.5), and maps (3 and 4).
The results in the area of Bowers Cottages and the school 
are generally high, probably due to previous accumulation of 
lead from traffic along Burpham Lane. No results were obtained 
for soil samples in the school gardens before the road opening, 
so the present work gives little indication of increased levels 
of lead pollution except in areas close to the road. The 
appreciable increase in lead levels found in the atmosphere 
(see section 4.2) is not reflected in the soil lead levels, 
at any rate up to 14 months after opening of the new road.
Davies^^*^^ reckoned that the maximum levels of certain 
heavy metals in uncontaminated soil samples should be:
Pb 70 yg g-i 
Zn 195 yg g“ ^
Ca 29 yg g"^
Cd 2.4 yg g-i
In the present work similar results were obtained (see Table 
3.4.1). For the above elements our results were:-
Pb 68 yg g“ l 
Zn 82 yg g"l 
Ca 36 yg g " 1 
Cd 2.4 yg g " 1
These results were obtained from samples near the A3 by-pass.
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4.3.3 Lead Levels in Vegetation Samples
In the present work a few measurements, on vegetation 
were made. Vegetation growing in the vicinity of roads is 
subject to lead pollution by uptake from contaminated soil, 
and by air-borne particulates.
Grass samples were collected from a location 250 m from 
the new by-pass, before it was opened, in March and in April 
1981 (see Table 3.2.1, and map 6 ). Both samples were 
washed in deionized water before analysis. The second set 
of samples (April) show a surprising increase in lead content 
(11.3 yg g“1 of dry matter, compared with 6.7 yg g"i). The 
reason for this increase is not known.
Grass samples were collected from a nearby location at 
various distances from the by-pass 2 0  months after opening 
(February 1983) (see Table 3.2.2). The lead levels are 
correlated with the distance from the road.
The cabbage samples collected from Council allotment II showed 
a very high lead content (the outer leaves were analysed 
after they were washed with deionized water). The results 
obtained from the second set do not show any correlation 
with the high level of lead in the soil surrounding the 
plant.
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4.4 Conclusions
1. The concentration of lead in the atmosphere near the A3 
by-pass increased from 0.4 a g m**^  before opening, to
1.5 ug m"3 (average) after opening. The lead level in 
the soil in the vicinity of the by-pass showed a small 
increase from 52 yg g"^ to 67 yg g“  ^ (average result,
14 months after the opening of the by-pass).
Only a few results for the lead levels in vegetation 
were obtained; a grass sample taken 50 m away from the 
by-pass ( 2 0  months after opening) had a lead content of 
27 yg g"i, whereas 125 m from the by-pass the lead content 
of a similar sample was 1 1  yg g~^.
2. The currently accepted threshold value (TLV) in the UK 
for inorganic lead dust and fume is 0.15 mg m“ .^ The 
standard acceptable limit is obtained by dividing the
TLV by 40 (i.e. number of hours in a normal working week). 
Consequently, 3.5 yg m“  ^ (averaged over a 3 minute 
period) is taken as the acceptable limit, although there 
is no scientific evidence supporting any limit more than 
zero.
The mean value of 1.5 yg m”  ^ obtained in the present
work for all sampling locations around the A3 by-pass is
within the acceptable limit.
3. There are high lead concentrations in some locations,
probably because of previous accumulations of lead
emissions from Burpham Lane (region of Burpham School and
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Bowers Cottages), also from the River Wey (see Location 
on map 2 ).
4. Measurements of atmospheric lead in one-way streets showed 
significantly higher levels on the left, i.e. the side to 
which the exhaust outlet is directed on the majority of 
vehicles.
5. The technique used for the analysis of soil samples for 
lead was shown to be reliable and relatively free from 
interferences. Results obtained either by solvent extract­
ion or by method of standard addition were similar to those 
obtained by the normal method (nitric acid digestion, and 
standard made-up in nitric acid). No significant depression 
or enhancement was found when various cations or anions 
were added in 1 0 0 -1 0 0 0 -fold excess, except for marked 
effects when excess or H^PO^ was added.
6 . With relation to the determination of atmospheric lead, 
flow rate is clearly an important factor, and probably 
the geometry of the filter disc holder has a significant 
effect on the measurements.
7. In conducting a survey of this type it is necessary to
consider the influence of lead derived from local sources
other than motor vehicles. Although it is not a serious
factor in this work, some unexplained higher levels were 
found (see 4 above).
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APPENDIX 1
Evaluation of the Analytical Method Used in the Analysis
of Soil Samples
Normally, the wet analytical method was used, but for 
comparison the alternative method of dry ashing followed by 
digestion was used on a few samples. The results of the 
latter method were consistently lower (see Table 1). This 
effect was possibly due to the loss of volatile lead compounds.
Table 2 shows the excellent recovery of added lead in the 
nitric acid digestion method. In Table 3 the extraction 
efficiencies of digestion with nitric and hydrofluoric acids 
are compared. Digestion with nitric acid followed by extraction 
(APDC + DDDC/MIBK system) gave significantly lower results com­
pared with digestion alone (Table 4). Presumably some of the 
lead is left in the aqueous layer, extraction with 3-heptanone 
instead of MIBK gave no improvement in the results.
The method of standard additions was tried on some samples 
which had been subjected to nitric acid digestion. Results 
obtained were similar to those obtained directly; however, they 
were less precise due to problems associated with the P.E. 306 
spectrophotometer.
Table 1.
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Comparison between wet and dry ashing prior to 
digestion
Sample Code Pb ug g"^ (wet) Pb ug (dry) Notes 1
A 46.1 41. 8 Porcelain crucible
B 48. 5 42.9 Porcelain crucible
C 51.0 45.1 Porcelain crucible
V 46.1 43.1 Vitreosi 1 crucible
Z 46. 8 41.8 Vitreosil crucible
R 46.1 41.1 Vitreosil crucible
Q 56.4
1
51.4 Vitreosil crucible
Table 2. Recovery of added lead by digestion method
Sample
Code weight of soil sample (g) weight of lead nitrate (g)
added Pb- 
Pg g"^ .
Recovered 
Pb ug g"l
A 8.4246 0 . 2 0 0 0 7626 7700
B 9.4202 0.2500 8525 :8600
C 11.0334 0.3000 8735 8750
D 9.9638 0.3500 11284 12140
A' 4.7212 0.0715 4831 4850.
B ’ 6.1925 0.1218 6318 6400
C 5.7316 0.1933 10834 1 0 0 0 0
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Table 3. Comparison between digestion with nitric and 
hydrofluoric acids (duplicate measurements)
S amp1e 
Code
Pb yg g" HNO^digestion Pb yg g"l ( HF digestion)
1 2 1 2
1 (top) 306 304 340 366
1 (bottom) 272 269 500 510
2 (top) 283 335 586 556
2 (bottom) 256 261 490 438
3 (top) 46 46 44 48
3 (bottom) 24 24 31 29
Table 4. Comparison between digestion alone and 
digestion and extraction methods
Sample
Code
Digestion Pbyg g"^ Digestion/Ext­
raction Pbyg g"1
Ala 62.1 59.1
Alb 61.7 57.3
Ale 63.2 56.0
H9a 34. 2 23. 5
H9b 38.6 34.0
H9c 35.3 30.1
4 (top) 45.6 45. 7
4 (bottom) 43.4 40.3
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One sample (H7) was given to Dr. Gray of the University 
of Surrey, Chemistry Department for analysis by the plasma 
source mass spectrometer recently developed by him. The high 
temperature of the plasma source is expected to give complete 
freedom from matrix effects.
The value of lead concentration obtained by Dr. Gray 
was 52.5 yg g"^, whereas the atomic absorption result (Table 
3.1.1) is 46.5 yg g"i. No great significance can be attached 
to one result, but it does suggest that matrix effects have 
not been entirely eliminated from the atomic absorption 
measurements.
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APPENDIX 2
Carbon Monoxide Concentration Determination
A variety of techniques can be used for CO determination:
IR spectroscop)?^’^ ,^ non-dispersive IR^^, chromatography^^’^ ^
9 "^ 94 95and reduction of mercuric oxide '
Attempts were made to monitor CO levels in the atmosphere 
by IR spectroscopy. A 1 metre gas cell was used in conjunction 
with a Perkin-Elmer IR spectrophotometer. A Casella product 
pump set at 2 £ min"^ was used to pump air into a 5 £ gas 
sampling bag which was equipped with an outlet/inlet valve.
The carbon monoxide content of samples collected near 
Guildford Railway Station and Woodbridge Road in Guildford 
was found to be below the detection limit of this technique.
The carbon monoxide content of samples collected directly 
from vehicle exhausts is high, arid was easily measured by the 
same technique.
Table 1. Absorbance of CO (known amounts) and of exhaust ' 
sample
ml. CO injected 
to the cell Absorbance*
0 . 2 0.007
0.4 0.008
0 . 8 0 . 1 0 0
2 . 0 0.280
4.0 0.500
Exhaust sample 0.49
* The absorbance measured at 2150.5 cm ] reference beam air 
at atmospheric pressure, slit (1), X25 exp of wave no. scale
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The mercuric oxide method is more sensitive, and is based on 
the reaction:-
HgO + CO ^ Hg + CO 2
followed by measurement of Hg vapour by atomic absorption. 
Attempts were made to use this method. Air samples were 
driven through either a trap of charcoal and calcium chloride^ 
or through a trap containing molecular sieves^and an empty 
trap immersed in a dry ice bath. Next, the air was preheated 
before passing it over heated red mercuric oxide. The mercury 
vapour produced was passed into the cell where measurements 
took place. To obtain the zero reading, the air samples were 
passed through a trap containing silver oxide at room tempe­
rature which reacts with CO quantitatively but does not react 
with hydrogen (hydrogen is not removed by the traps described 
above).
The dimensions of the traps were 8 x 2.5 cm, and the 
reaction tube dimensions were 8 x 1 cm for preheating, and 
2 X 1 cm filled with 0.5 g red HgO. The flow rate of the air 
sample was 0. 5 7  1 min“i and measuring time 1.5 min.
Results Oibtai.ned were irreproducible, and typical sets 
of results are shown in Table 2 below.
-105-
Table 2. Typical results for the determination of carbon 
monoxide by the mercuric oxide method
Absorbance 
with Ag 2 Û trap
Absorbance 
without Ag 2 0  trap
Ambient air 0.005 0.0065
0.004 0.004
0.0035 0.006
0.015 0.035
0.009 0.025
Near to 0 . 0 1 0 0.023
Guildford
Railway 0.015 0.029
Station
0 . 0 2 0 0.015
0.050 0.081
0.055 0.075
Exhaust gas 0.053 0.080
Discussion
A) IR spectroscopy: The problems encountered in measuring CO
by IR spectroscopy were:
(a) the path length of the gas cell used (Im) was not enough 
to obtain sufficient sensitivity; and
(b) the method of using a syringe to inject carbon monoxide 
into the cell in order to construct the calibration curve 
was not convenient. An exponential dilution flask is the 
recommended approach to overcome this problem.
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B) Reduction of mercuric oxide: This method seems to be a
sensitive and adequate method for ambient measurements but 
results obtained in this work were irreproducible because 
of condensation of mercury vapour in the connection between 
the optical cell and the reaction tube. It appears that 
heating tape, as used in the present work, is an unsatis­
factory substitute for the oven recommended in previous work^. 
The trap dimensions used were large compared with the small 
quantity of CO present in ambient air, and possibly adsorption 
of carbon monoxide occurred in the traps.
o Flow rate 1 mint - t
-1 -107-
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Appendix 3.
Plots of flow rate vs. time, for pumps using 
Ni/Cd and Ag/Znbatteries at 20^C
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Appendix 4. The device used to measure the flow rates 
of the pumps
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APPENDIX 5
Photographs of the various filter disc holders and pumps 
used in the present work, and photographs of the road 
cone equipped with a modified lead head.
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The conventional plastic head The standard lead head [SLH) 
(CPH)
\
The modified lead head (MLH) The head used by the Health
and Safety Laboratory (HSE)
V
The plastic head 
Diagrams of the various filter disc holders
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r
The pumps used to collect particulates from the 
atmosphere
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A) The road cone equipped with a modified lead head
B) The lead head outlet,for comparison
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The pump and the road cone
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Appendix 6.
The mean air temperature and relative humidity for Merrist 
Wood near Worplesdon, the mean wind speed plus main wind 
directions for RAE Farnborough, obtained from the Meteoro­
logical Office, Bracknell.
Date
•Julyl3>981
Mean Air 
temperature
09 GMT Relative 
humidity (%)
Mean Wind 
Speed (knots)
Main Wind 
Directions 
during day
1 1 16.3 87 8.3 SW to W
1 2 17.5 83 4.8 SW to NW13 17.5 75 5.3 Westerly14 17.5 69 6.3 W to NW15 18.1 80 5.0 W to NW16 16.5 85 8.3 SW to W
2 2 15.1 82 6.5 SW to W23 13.3 8 6 6 . 2 W to NW24 13.6 78 8.7 NW25 12.3 77 6 . 3 Westerly
2 6 17.3 89 5.7 SWS NNW27 18.1 85 5.5 NW28 18.7 91 2.9 Variable28/08/81 19.4 8 6 3.4 Variable23/09/81 12.4 8 6 6.7 SW27/11/81 9.1 83 1 2 . 0 Westerly6/12/81 5.3 91 8 . 1 WSW26/01/82 . 7.1 8 8 1 1 . 2 Westerly27/01/82 3.7 77 1 0 . 0 NNW26/02/82 4.7 93 ' 7.. 5 Southerly2/03/82 6.7 73 13.3 W to SW26/03/82 7.1 74 .'2 . 2 Variable15/04/82 7.2 72 3.4 ENE 'X/variable19/04/82 8 . 1 8 6 4.6 NE. to E20/04/82 7. 7 99 3:2 Variable <v NW26/04/82 1 0 . 2 97 8 . 0 N to NE15/05/82 15.7 91 4.7 E ^ S22/05/82 14.5 , 90 8 . 6 SW24/05/82 12.7 73 8.3 W to SW28/07/82 14.8 79 6.7 NE29/07/82 17. 7 85 8 . 1 NE2/08/82 18.1 93 3.9 NE-E ; then vai3/08/82 2 1 . 0 94 3.0 Variable4/08/82 19. 7 95 4.2 Var.; then S%5/08/82 17.6 94 2.7 Variable
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II
Appendix 7 The IL 357 spectrophotometer with the 
C55 graphite furnace
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APPENDIX 8
Photographs of locations around the A3 by-pass 
where samples from the atmosphere, soil and 
vegetation were collected.
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